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Foreword 

The Nirranda Strewnfield australites have been discovered 
at a time when much additional knowledge of the location, 
concentration density, fragmentation, etching propensities, 
specific gravity, shape and size variation, sculpture patterns, &x\, 
of south-western Victorian australites has been accumulated, 
and can thus be applied to the study of this latest discovery, 
which embraces a considerable number of different forms of 
australites from a relatively small concentration centre in the 
vast Australian tektite strewnfield. 

Much of the propounded theory of tektite origin is, of 
necessity, based largely upon conjecture and supposition. After 
some 150 years of the study of tektites by renowned scientists in 
various parts of the world, the tektite question as a whole is 
still remote from an entirely satisfactory solution. It is with 
this long background of accumulated fact and theory to band, 
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associated with an awareness of the important recent advances 
that have been made in the realm of the aerodynamics of 
high-speed flow, that the writer feels justified in indicating the 
need for a detailed study of the geometry of the remarkably 
symmetrical anstralitc varieties of tektites, and in suggesting 
that their typical secondary shapes as derived from primary 
forms can be explained in terms of gas dynamics. It is possible 
that sneli an approach may help to take the tektite problem a 
step further towards an ultimate solution, and at the same time 
perhaps add something more to the growing field of knowledge 
relating to the aerodynamics of high-speed How produced at far 
greater than ordinary supersonic speeds. 

ll is the writer's opinion that too much stress has been laid 
in the past on the idea that anstralites must have rotated through 
the earth's atmosphere about an axis, the position of which was 
parallel to the direction of propagation through the atmosphere. 
Although rotation is obviously necessary for the initial develop¬ 
ment of all except the spheres among the primary forms from 
which the secondary shapes of anstralites were produced, the 
likelihood is considered herein that a spinning motion need not 
have been maintained (lining the atmospheric phase of earth¬ 
ward flight, i.e. during a phase when the secondary shapes now 
possessed by anstralites were impressed upon the original 
primary shapes. 


Introduction 

Three hundred and sixty-six anstralites, which are 
Australian tektites of late Recent age, were found in January, 
.1953, along a narrow strip of the south-west Victorian coastline, 
extending from Childers Cove south-east of Warrnambool, to 
the Ray of Islands north-west of Peterborough (text figure .1). 
These anstralites are registered in the National Museum Rock 
Collection, Melbourne, as E707 to Ml05b and El099 to El 114. 

The strewnfield in which the anstralites were located, is 
hereafter referred to as the Xirranda Strewnfield, the name 
being derived from the post office nearest to the site on which 
the greatest numbers of anstralites were found in the district. 
Xirranda is situated on lat. 38 deg. 30 min. S„ and long. 142 deg. 
45 min. E.. approximately 3 miles inland from the coastline of 
sonlh-western Victoria, and 18 miles south-east of the Citv of 
Warrnambool (text figure 1). 
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Sketch map of part of the coast of south-western Victoria, extending from Warrnambool in the north-west to Moonlight 
Head in the south-east. 

The asterisks denote different sites from which varying numbers of australites have been obtained. 

The three principal strewnfields in this region are indicated by the large figures. No. 1 is the Port Campbell Strewnfield, 
No. 2 the Nirranda Strewnfield, and No. 3 the Moonlight Head Strewnfield. 






62 


N1RRANDA STREWNFIELD AUSTRAL1TES 


Most of the anstralites from these throe strewnfields wore 
located oil areas facilitating discovery—areas such as old roads, 
borrow pits and cliff edges, all relatively free of vegetation, and 
on areas consisting of naturally hared patches that have been 
subjected to frequent coastal showers and strong winds, and so 
are lunch rain-washed and wind-swept. 

In the Xirranda Strewnfield, the majority of the anstralites 
were found on such rain-washed and wind-swept patches situated 
very close to cliff edges. Vegetation, recent soils and the fine 
to medium size mineral particles have been removed from these 
patches by wind and by surface run-off of rainwater leaving a 
veneer of coarser sand in some parts, and a buckshot gravel 
sprinkled hardened crust in others. Resting upon this hardened 
crust and coarser sand, which in parts of the strewnfield repre¬ 
sents tin* topmost portion of a former soil horizon, anstralites 
have been found in varying numbers, sometimes associated with 
occasional rounded, partially chipped rocks and numerous flakes 
of rocks alien to the bedrock of the area. The greater part of 
the bedrock hereabouts, is Miocene limestone, capped in places 
with Pleistocene dune limestone. Most of the rock flakes appear 
to be rejected chips from the process of aboriginal stone imple¬ 
ment manufacture. Shell fragments from molluscs used as food 
by the aborigines, are also a feature of some of the anstralite- 
beariug patches. All tin* geological evidence points to a late 
Recent age for the anstralites, substantiating Fenner's (1935, 
]>. 140) belief that anstralites are “ geologically Recent, but 
historically remote.” The precise age is not yet known, but it 
would not be much more than a few thousand years since the 
Xirranda Strewnfield anstralites first arrived upon the surface 
of the earth. In both the Xirranda and the Port Campbell 
Strewnfields, the anstralites occur above an old soil horizon, and 
in parts of the Port Campbell Strewnfield, a few anstralites 
have been unearthed from the top 0 inches of recent soils. 

Forty-two per (-('lit. of the anstralites recently found in the 
Xirranda Strewnfield are complete or nearly complete forms. 
Of the remainder, <>4 per cent, are composed largely of fragments 
that can be specifically recognized as coming from the bodv 
portions of anstralites, and among this total are a few nondescript 
fragments; 4 per cent, of the total are flange fragments. Xone 
of the hagmeiits fitted one another, hence each fragment is 
considered to represent a portion of a different individual 
australite. The percentage of complete or nearly complete 
austialitts that weie found with their anterior surfaces facing 
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upwards, is approximately nine times as groat as the percentage 
found to have the posterior surface upwards. The anterior 
surfaces ponded earthwards during tlx* almospherie ]>has<* of 
flight, and since 87* a per eeid. were found on Ihe ground with 
the anterior surfaces facing away from the earth, il is apparent 
that the stable position of rest of australites upon the earth's 
surface is the reverse to their slable positi<m of propagation 
through the earth’s atmosphere. 


Oil the whole, the Nirrauda Strewntield australites are 
considerably more abraded than the majority from till' l*or1 
Campbell Strewntield, and moreover, they are not quite as well 
preserved as most of the Moonlight I lead Slrewnfield anslralites. 
As a consequence of their worn character, it is possible that 
some of the anstralite fragments in the Nirrauda Strewntield 
may have come from the same original complete form, but having 
been fragmented a long time ago, they arc now largely too 
abraded and etched to be matched with any degree of certainty. 
The fact that some of these australites and some of the 
fragments have a fresher appearance than others is dm* to their 
having been buried longer under a protective cover of surface 
soil, while others have been exposed for longer periods to the 
abrasive action of wind-borne sand and other erosive agents. 


This article deals as comprehensively as has been possible 
under present circumstances, with the location, distribution, 
concentration density, physical properties, optical properties, 
chemical composition, sculpture, shapes, symmetry, statistics 
and ultra-supersonic flight effects of the recently collected 
Nirrauda Strewntield australites. Many of these attributes are 
compared and contrasted with those that have been described 
for the Port Campbell and Moonlight Head Strewnfields in 
south-western Victoria, and with those for the Charlotte Waters 
Strewntield in Central Australia, and the Xullarbor Plain 
Strewntield extending east and west across the southern border 
between South Australia and Western Australia. The statistics 
of the Nirrauda collection of australites, involving such factors 
as numbers, dimensions, specific gravities, weights and radii of 
curvature, are herein presented as frequency polygons and 
scatter diagrams in order to obviate the use of many cumbersome 
tables. 


(M N1KKANDA STRKWNKI 101,1) AUSTKAL1TKS 

I )lNTi:il!l "I IO.N AND < 'oXCKXTIiATlOX 
The numbers of mist r;iIites recovered from vnrioiis lo i 1 1 i 1 i<*s 
in the Xirr;md;i Sir<*\vnli<*l<l hit ns follows: 

Childers Cove .. .. .. <S 

Xavier's Corner, Xirranda .. .. •’> 

X’ort li-enst end of 1 la y of Islands, 

I Vterborong'li . . . . . . b 

Half a mile southeast of Fhixmnn’s 

Hill .. .. .. .. 11 

North-west corner of I >oy 'Trap Hnv .. 1 

.Middle of Do*; Trap Hay .. .. 2 

North east corner of Do<r Tr.ip I lay . . o 

, rhree-(jiiarters of a mile south-east of 

Xavier’s Corner .. .. 1 

“ Krrawallnn homestead, I mile south 
of Xnllawarre l‘.(). (donated by 
Mrs. A. Mathieson) . . . . 1 

North-east corner of Stanhope's Hay .. 15151 

'Total .. .. 

Karlier discoveries of a small number of anstralites from 
other localities in this region are known from specimens in the 
National Museum Collection, Melbourne. One is from 
Cnd^ee, one from Xarrarnlmddnt. Scott’s ( 1 re( i k, and one from 
\\ arrnambool. Three others from the \\ arrnnmbool District, 
lorinerly in tin* Warrnambool Mnsemn (’olleetion, are now 
lodged in 1 lit 1 collection of the South Australian Museum, 
Adelaide. Another one was recorded from Mepnni>'a by Dunn 
(1912. p. 12). One collected from Cnrdie's Inlet some years 
aii'o has been chemically analysed (Summers, 191:5, p. 190). A 
lew others known to have been collected in recent years include 
two from Timboon and two from Cnrdie Yale. 

T'or comparison with llu'se numbers in tlx* Xirranda Slrewn- 
Iie 1 < 1. the mnnb<‘rs are u'iven for neiu'hhonrinc- st rcwnlields. 'Thus 
twenty anstralites have been discovered west and south west of 
Mattie Mill in the Moonlight Head Slrewnliehl (lb described 
by I taker, 19.>0, p. ,!o). and 1.IS7 anstralites are known from 
the stretch of coast extending; from 1 mile south-east of Cnrdie’s 
Inlet, through I’ort Campbell township to 55 miles south-east 
of the Sherhrook Diver in the Hurt Campbell Slrewnliehl (Maker, 
1W7. 191(0. 1DI I, I!) I(i. and Maker and Forster, 194:5). 

Siiico (lit* initial discovery of 331 austrnlitos at Stanhope's Bay, a further 223 
specimens comprising complete forms and fragments of austradios, have been collected 
irom this site, ami donated to the National Museum of Victoria over the past year 
and a half, by Colin Drake of Warrnambool and Brian Mansbridge of Allansford, 
Victoria. 
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1 ho Nirranda Strewnfield lias its greatest concent ivilion of 
australit.es near Stanhope’s Hay, when 1 91 per cent, of the total 
for the field were discovered. Three hundred and thirty-one 
australites, including complete forms, nearly complete forms 
and separate fragments were found on a small area approxi¬ 
mately ->50 yards by 200 yards in size. This represents the most 
densely populated australite centre so far known in south¬ 
western Victoria and, for that matter, is prohahly also the most 
densely concentrated centre in the whole of Australia. Three* 
hundred and ten of the 021 australites from this site near 
Stanhope s Bay were* the outcome of four hours searching bv 
B. D. Bill (59), A. E. Bill (108), M. Bill (8), 51. K. Baker (55) 
and B. Baker (80) in .January, 1958. The remaining 21 from 
this small area were subseqnentlv collected bv K. T. 51. Bescott 
(9) and E. D. Bill (12). 

COMPAIUSOX WITH COXCEXTRATIOXS IX O'l’HKR ArsTRALIAX 

Strew xft elds. 

Some idea of the* comparative population densitv of 
australites in various parts ol Australia can lx* obtained 
hy combining the 5Ioonlight I lead-Port Bampbell-Xirranda 
Strewnfields, and comparing the result with that of two other 
areas—Bharlotte 5Vaters and the Xullarhor Plain—from which 
large collections have been made over extensive tracts of territory. 
The areas of distribution, numbers found and concentration 
densities for these three major strewnfields, are compared in 
Table I. 

TABLE I. 


Area embracing 
discovery sites 

Numbers found 

Concentration 

density 


.Moonlight Head Port 
Campbell Nirranda 
Strewnfields. 


150 square miles . . 


1,877 


12*5 per square mile 


Charlotte Waters 
Strewiitield. 


8,000 to il.000 
square miles 


7. ISt 


0*8 per square mile 


Xullarhor Plain 
Strewnlield. 

30,000 square miles 
3.1)20 

0- 13 per square mile 


Outlying areas at Scott’s Creek, Timboon. Cudgee and 
Warrnambool have been excluded from the calculations for the 
Moonlight Head-Port Campbell-Nirranda Strewnfields. and the 
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area eemsieleml is thus a 
wide. The specimens 


strip 
comprise 


of coas 
the 11 


t 50 miles long by 3 miles 
Collection of 1,352 


>aker 


Port Campbell australite's and 20 Moonlight Head anstralites, 83 
from Tort Campbell in the Melbourne Cniversity (h'edogieal 
Collection, .'!()() Nirrnndn Strewnfield anstralites in the National 
Museum ('oiledion, Melhomaie, and a few in private 1 collections. 


The Charlotte 1 Wafers SI rewn field australite's comprise 1 the 
Kennett Cedlection elcse-ribeel by Primer (1040, p. 305) anel the 
Xnllarbor Plain Strewnfielel anstralites comprise 1 the Shaw 
('(diced ion also dese-ribed by Peime'r (1034, p. 02). 

'I’he 1 comparative* value's shown in Table* 1 for these three 
major strrwnfiedds inelicate that the greater conceaitration of 
anstralites per sepia re* mile is in south-western Victoria. Smaller 
••(‘litre's within this region are 1 even more densedv populated than 
is indicated by the overall figure's in column 1, Table I, for 
example, the occurrence of 331 anstralites over an area 350 yards 
bv 200 yards in extent at the Stanhope’s l»av tektite site. This 
observation relating to the density concentration of anstralites 
has even greater significance* when it is considered that oppor¬ 
tunities for successful searching in the 1 relatively well-vegetated 
re'gion of south-weste'rn Victoria are not as great as in the 
sparsely ve'getate'd gibber regions and dry plains of the 1 other 
two strewntiedels included in this comparison. 

In the three south-western Victorian st re'wnfields, the 1 
present stream patterns (cf. text figure 1) bear little* or no 
relationship to a list rn life* distribution, and there is no evidence 1 
to indicate 1 spreading or concent ration by former streams. In 
the main, it is considered that the majority of the anstralites 
were 1 nvovered from more or less the positions where fliev 
originally fell as extra-terrestrial bodies. Ilowewer, it cannot 
be assessed bow much the Australian aborigines, nor how much 
native birds such as emus and hush turkeys have been concerned 
in a list ral if e 1 distribution in these 1 parts. Anstralites were utilized 
lor various purposes by the aborigine's, and have* be'eu found in 
1 li<* gizzards of emus and bush turkeys. There is evidence 1 of 
the continued use of anstralites by living tribe's of Australian 
aborigines. A verbal conmmuication from Mr. II. It. Balfour 
<d Toorak, \ ictoria, disedoses that the 1 aborigines of the 1 WDomera 
region in (’cutral Australia call anstralites “ emu-stones,” by 
virtue <d the* purpose for which they are employed. Mr. Balfour 
states that the anstralites are wrapped up in halls of feathers 
by the aborigines, and these are* then thrown towards floedcs of 
emits. Being especially endowed with a natural inquisitiveness, 
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the (Minis approach these objects for closer inspecti*m. While 
absorbed in their investigation, 11 1 < *\* art* speared by (lie 
aborigines. Their gizzards often contain a number of stones, 
usually black in colour, a large pro port ion oF which a re Fret pienl ly 
australites. 'This practice has bet*n a Feature oF aboriginal Food 
limiting For many years past, and it thercFore seems possible 
that occasional small concentrations of worn and broken 
australites could well have been brought about by some such, or 
allied aboriginal custom, particularly when it is recalled that 
aboriginal chipped Hints and shell-lood remnants arc common 
associates oF tlit* australitc-spriuklcd areas along the coastline 
of south-western Victoria. The worn character of these 
australites is also partly due to minor amounts of sand-blasting 
where exposed on the wind-swept patches, while some of the 
wear on some of the australites may have been dm* to “ carry 
polish ” during utilization by the aborigines. 

()u a barren patHi of ground near Childers ('ove. From 
which eight australites wen* recovered, an* numerous shell 
Fragments and chipped (lints testifying to previous occupation 
by the aborigines. At Xaviers Corner, 2 miles inland I nun tin* 
(Miast, where three australites wen* Found, there was no evidence 
to indicate aboriginal occupation. This site is a small triangular 
patch of ground at a road junction, and 11 k* area has evidently 
been banal by road-making activities and stripped of the top 
few inches of soil, thus exposing the nuslralitcs. At several ol 
the other sites where australites were discovered, namely near 
Plaxman’s Hill, Dog Trap Day and the Day of Islands near 
Peterborough, then* is further evidence in the Form of occasional 
chipped Hints and shell Fragments that these coastal areas were 
within (he region oF aboriginal middens and camping grounds. 


Poll MS OF ArsTItAUTKS U KPUKSKNI’KII 

The collection oF australites From the Xirranda St rewulield 
contains a generally representative variety of tin* usual anstralite 
shapes recovered From other st rewnlields in Australia, but shows 
minor variations in souk* respects From tin* Port Campbell and 
Moonlight Head Ktrewnlields Further to the south-east. The 
collection contains a greater percentage of fragments of hollow 
Forms of australites (of. Plate 11) than so Far encountered in 
either the Port Campbell or the Moonlight Head Ktrewnlields, 
and also a greater percentage of lens-shaped Forms (cf. Plate 1 
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figures M and 7). Hike tlie Moonlight lfoad Strewntield 
anst ralites, those from the Xirranda Strewntield show a complete 
absence of small forms sneli as flat circular dises, l>owl-sha])ed 
forms and oval plate-like forms (forms that wore especially 
searched for); this is in eontrasl to the Port Campbell Strewn- 
tield from which a number of these particular shapes have been 
recovered (<-1*. I biker. 11)47, ll)40e, 1P4()). Aberrant forms (ef. 

1 »ak<‘r. 1!)4(>) are also wanting in the Xirranda, as in the 
Moonlight Head Strewntield. 

Kxternal feat liras shown by the austral ites from tin* 
Xirranda Strewnfiold are lypieal in consisting of bubble-pitted 
posterior (back) surfaces (sec* Plates 1 to 1V) and of fiow- 
ridged. flow-lined anterior (front) surfaces carrying few bubble 
pits and elch marks (see Plates I, II and JV). Some of the 
forms are flanged (see Plates L and II). 

The percentage occurrence and the numbers of the various 
anstralite shape groups represented in the XTirramla Strewntield, 
arc compared in Table II with those from the Port Campbell 
and Moonlight Head Strewnfields. 

Owing to low numbers in 11k* various shape groups of 11 it* 
Moonlight Head Strewntield anstralites, and the fact that less 
than half the number of shape groups is represented, despite 
careful searching- of the area for more examples, the percentage 
values for several of the shape groups may he too high. 
Populations art- sufficiently large for statistical significance in 
all of the Port Campbell and most of the Xirranda Strewntield 
anstralite shape groups. 

The percentage distributions of shape groups and fragments 
among the anslralite populations of the Charlotte Waters and 
the XnHarbor Plain Strewnfields respectively have been calcu¬ 
lated I rom the numbers in each shape group and the number of 
fragments lisied by Pcnncr (11)44, 11)40) for the Shaw and 
Kennett collections. The results are compared in Table III 
with the percentage distributions obtained by combining the 
total numbers in each shape group and fragment group for 
the three si rewnfields in south-western Victoria*. Slight 
re-arrangements have been made to Fenner's lists for the Shaw 
and Kennett collections in order to conform with Ihc grouping- 
id' forms and fragments from the combined Xirranda-Port 
Campbell-Moonlight I lead Strewnfields. 


NIRRANDA STREWNF1ELD AUSTRALITES 


(’>9 


TABLE II. 


Shape tlroup. 

Xirrundu 

Strew nMeld. 

Port Campbell 

Strew nfield. 

Moonlight Head 
Strew nliejd. 

Number. 

1 

Per cent. 

Number. 

per cent. 

Number. 

l*er celil 

Buttons 

32 

8 • 7 

2 Id 

17 ’<) 

0 

3( i-o 

Hollow button 

I 

o*3 





Bones 

ob 

15-0 

37 

3 • 9 

2 

10 * 0 

Ovals .. 

37 

10* 1 

100 

7-o 

3 

l.vo 

Boats 

9 

2-:> 

10 

2-7 



Canoes 

2 

0-d 

12 

0*8 



Dumb-bells 

3 

0-8 

10 

l-l 



Teardrops 

2 

o-r> 

21 

i •:> 



Round cores (*' bungs “) 

1 

i • l 

20 

M 



Elongate cores 

10 

2-8 

12 

0-8 

1 

r> • () 

Round discs 



1 1 

1 -0 



Oval plates 



10 

o-7 



Bowls 



9 

()•(> 



Aberrants 



10 

0-7 



Round form fragments* 

127 

31-7 

231 

16-2 

2 

lo-o 

Elongate form fragments . . 

19 

r>-2 

1 1 1 

7-9 

2 

10-0 

Hollow form fragments 

10 

2-8 

23 

1-0 



Complete Hanges (detached) 

2 

(>•;") 

18 

1*2 



Flange fragments 

1 I 

3*8 

313 

21-7 

1 

5-o 

Nondescript fragments 

39 

10-7 

177 

12-2 

•> 

O 

1 :> • o 

Totals . . 

1 3601 

100-0 

1,113+ 

100-0 

20 

KM)- e) 


Key to Table II. 

* The term “round forms” throughout this article refers to australites that 
are circular in plan aspect (cf. text ligure 13 and Plates I and II). 

t Four other examples known, but not classified (also 223 examples recently 
discovered at Stanhope’s Bay). 

t Forty-two other examples known but not classified. 


Table 11 T servos to stress certain trends that are common 
among australites generally. Those trends are—(i) the rarity 
of such forms as the hollow buttons, the canoes, dumb-bells, cores, 
round discs, oval plates, bowls and aborrants among the complete 
forms, (ii) flu* rarity of Hanges detached as complete entities 
(cf. Plate 1. figures 4 and a) from llioir parent forms, (in) the 
preponderance of round forms such as buttons and particularly 
lenses, over elongated forms (Note: Dmm (1912. p. d) found 
that (id per cent, of the australites from Alt. AVilliam in the 
(1 rampians, Victoria, were “ button-shaped or forms produced 
from them ")* mid (iv) significant variations from strewnfield 
to strewnfield in the percentage populations of some of the 
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various shape groups. Such a variation is most marked amongst 
the group of lens-shaped australites. Variation in the groups 
of elongated australites, however, is of no marked signiticanee. 
The significant variations from locality to locality in the lens 


TABLE III. 



< ninbincd 

South* Wes! 

Nnlhirbor Blniii 

(‘harlot tc. 

Waters 

Shape Urntip, 

Victorian 

St rewnlleWs. 

Strew ullehl, 

Strew nllelil. 

l 


N umber. 

Per rent. 

Ntimber. Per cent. 

dumber. 

Per rent. 

1 >U1 t oils , . 

283 

l.Vn 

273 7-0 

(>8(> 

b*() 

1 lollow hut ton 

1 

• 0-01 




houses 

1 1 1 

h • 2 

1,038 2(H) 

3,213 

If)-2 

Ovals 

1 10 

7 *7 

l()8 03 

7*10 

1(03 

Boats 

lb 

2 • 7 

171 01 

323 

1 -f> 

(\mocs 

11 

0-8 

81 2-0 

10 

0-1 

1 hunh hells 

lb 

1 -0 

70 08 

f>7 

0-9 

Tea nlrops 

23 

1 *3 

131 3-1 

(>2 

0-8 

Hound cores (” Ininas ”) 

21 

03 


(i 

0-08 

Klon^ate cores 

23 

1 -3 




Hound (list's 

1 1 

0 • S 

f>(> 1 • 1 



( )v;d plates 

10 

(Of) 


10 

0- 1 

Bowls (or ** helmets ") 

!) 

o-r> 


o 

0-02 

Aherrants 

10 

(0f> 


bl 

1 -3 

Hound form fragments 

3(»3 

lb -s 

bo 1 2 03 

273 

3-8 

KlmiLiate form fragments . . 

133 

71 

(>( )3 i r> • i 

181 

<07 

Hollow form fragments 

33 

1 -8 

28 0*7 

11 

0-2 

(\>inplete Hanses (detached) 

20 

1 • 1 




Flange fragments 

328 

17 * b 


1 


Nondescript fragments 

21b 

1 1 -b 

310 8*7 

1,1 7f> 

i 

1(0 1 

Totals . . 

1,831 * 

100-0 

3,b20 100-0 

7,1 SI 

100-0 


♦ Forty-six other examples known, but not classified, and hence not included in the 
total (also 223 subsequently discovered at Stanhope's Bay). 


group, is largely a collection of the state of preservation of 
australites. A greater number of round forms become classified 
with the lens group, the more the button-shaped australites an* 
eroded and lose all tract's of their flanges. Being hotter 
preserved, there is thus a greater percentage of buttons than 
lenses in the combined South-western Victorian Strowufields 
('Table 111). Being much more abraded, the position is reversed 
in both the Nnllarhor Clain and the Charlotte Waters 
St rowntields. 
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I orcentage variations among the groups <tl fragments of 
tlic australites arc partly a reflection of variations of the 
percentage populations of complete forms from which they were 
derived, hut also may he influenced by two other factors, nanielv 
(i) as y(*t incomplete field sampling in some of the strewnfields, 
and (ii) variations in the processes of erosion from strewnfield 
to strewnfield. The. search for australites in the Xirranda 
Strewnfield, as in the* Port Campbell and Moonlight Mead 
Strewnfields, has heen as thorough as possible in tin* time 
available. All fragments of all visible sizes and shapes, as well 
as all complete and nearly complete forms exposed to view were 
collected, hence the collection is as representative as possible. 
Herein may lie the explanation of the abundance of flange frag¬ 
ments in the three combined strewnfields in south-western 
Victoria, compared with their absence from the Xullarbor Plain 
Strewnfield and the record of one only among 7,184 specimens 
collected from the Charlotte Waters Sirewnfield. Since in each 
collection there are numerous specimens that must have possessed 
flanges originally, it is doubtful if all flange fragments in out* 
large strewnfield (Xullarbor Plain), and all hut one in another 
large strewnfield (Charlotte Waters), were destroyed hy erosion, 
while so many (nearly 18 per cent, of the total number of 
australites found) remained in a third large strewnfield (South¬ 
western Victoria). It would he even more doubtful that the 
flanges were all lost before the australites landed on the surface 
of the earth, in the strewnfields from which they are not recorded. 
It is therefore likely that flange fragments have either been 
overlooked or discarded in collecting from the Xullarbor Plain 
and Charlotte Waters Strewnfields. 


Complete Forms 

The lens-shaped group (Plate I, figures 3 and 7) is the most 
abundantly populated shape group among the Xirranda Strewn¬ 
field australites, followed by oval-shaped and button-shaped 
forms (sec Table II). Together, these three* shape groups 
contain 80 per cent, of the complete and nearly complete 
australites discovered in this strewnfield. Fxccpt where* much 
abraded, the various individuals of each shape group reveal 
similarities to most other properties possessed hy australites 
described from a number of localities in Australia. Variations 
in weight, size and specific gravity are* shown in Table I V and in 
text figures 2 to II. 
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are circular in plan, Nariations of as little as 1 mm. and up t<» 
1 nun. between the two diameters of such forms, seem to he 
sufficient to warrant their elassilieal ion with the oval group, 
especially where the forms are as small as 10 mm. (or less) 
across, when a difference of 1 mm. between the two diameters 
constitutes 10 per cent, (sometimes up to Hi per cent.) of the 
total measurements. In such forms, differences in tin* two 
diameters are not due to subsequent erosion, since many of 
them still retain flange remnants, indicating that the edges of 
the body portions, across which the measurements were made, 
have not been differentially worn, bow of the ovals possess 
well-developed flanges, many show well-marked rims; one example 
only has a complete flange (FS2b). and one shows evidence of 
the rim being extended outwards in the initial stages of flange 
formation (set 1 Plate 1 V. figure* 24). 

Among the more elongated forms of the Xirranda 
anstraliles, one of the canoe-shaped forms (Plate IN’, figures 
17-19) is larger than the upper limits (20 mm.) set out by 
Fenner (1940, p. 212) for ibis group. The specimen is 21-o mm. 
long, and is the largest known canoe-shaped anstralite so far 
recorded from the* Australian tektite slrewntield. 

The teardrop-shaped forms (cf. Plate IN’, figure 22) are 
rather worn, and have lost the greater part of the “ tail 
portions. The dumb-bell (Platt* IN’, figure 20), teardrop anti 
boat-shaped (Platt* IN’, figure 21) groups contain forms that 
are of medium to small size compared with some examples from 
other Australian strewnfields. 

Cores (Plate 111), which constitute some 9 per cent of the 
Xirranda Strewnfield anstraliles. are in the proportion of 2 
elongate cores to 1 round core. Wound anti elongate cores have 
been described elsewhere (Maker. 1940/u p. 492). anil some of 
the examples from the Xirranda Strewntield show comparable 
and characteristic flaked equatorial zones, partly modified by 
secondary flaking processes resulting from agencies acting upon 
them while they lay upon tlit* earth's surface. In their initial 
formation, however, it is believed that these linked equatorial 
zones were developed by fusion stripping and perhaps some 
ablation tinring atmospheric flight. 

Fraumkxts of Various Forms. 

Among tilt* groups of tin* fragments of australites, those 
from round forms consist of pieces broken from (i) equatorial 
regions of buttons, and thus show flange remnants or tract's of 
S412/54.—10 
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the Ilange hand, sometimes a little of both, (ii) the central core or 
body portions of buttons and lenses, (iii) posterior surfaces of 
buttons and lenses, and (iv) anterior surfaces of buttons and 
lenses. 

Elongate-form fracture fragments consist of pieces showing' 
indisputable evidence of derivation from oval-, boat- and dumb¬ 
bell-shaped anstralites. No fragments were found of either 
teardrop- or canoe-shaped forms. Occasional smaller fragments 
grouped with the round-form fragments might have come from 
the body portions of certain elongate forms of larger size, but 
since there is nothing to indicate this, such fragments are classed 
with the round-form fragments on the grounds that round forms 
comprise the greatest populations among anstralites, and hence 
should provide greater numbers of fragments on fracturing. 

The largest core fragment in the Nirranda collection of 
anstralites, is reg. no. E79o, which weighs 23-92 grams, and 
would, on reconstruction, represent a large elongate core 
measuring tit) x 3.1 x 19 mm. Such a form would weigh 
approximately 9(5 grams, and would thus have been heavier, and 
larger, than the biggest complete form (reg. no. E922 (Elate* III, 
tignre Kij weighing 11 grains) in the collection. 

Most of the ilange fragments provide evidence of having 
been originally attached to button-shaped anstralites. Two 
arc complete or nearly complete* flanges (Elate I, lignres 4 anel 
1) detached entire from their parent bntton-shape'd forms; the*ir 
diameters, &<*.. are* set out in Table IV. Only one Ilange* 
fragment, constituting one half of the original, provides aeh*<piat<* 
proof of derivation from an oval-shaped anstralite. Its 
dimensions are—21-1 mm. long and 20 mm. across, while its 
width measured over the* posterior surface is 2-1 nun. The 
detachment of large portions of flanges and of complete flanges 
from the*ir respective parent, forms, is brought about partly by 
etching, and partly by weakening of the contacts with body 
poll ions by various means. The detached flanges become 
reduced in size by impact with other objects on the ground during 
surface run-off drainage; at the same time, small fragments 
are fractured from certain parts of flanged anstralites, while more 
firmly attached portions of the flanges remain on flu* parent form 
(ef. Elate 1. figure (i). 

The hollow forms of anstralites in the Nirranda Strewniield 
were all broken on discovery, some to much greater extents than 
other.**. Some have been shattered to form large, concavo- 
convex fragments resembling broken fossilized egg-shells of 
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A(’l>)/onns. Others are only hrokeii on one snrl'aee (Hate II, 
figure 11), or merely pnn*-t ur***l like 1 the example figured in Hate* 
II, figures 9 and 10, I>iit still r(‘vealing the original form of the 
hollow aiistralite. , l'( , n fragments of hollow forms were 
diseovered, and two nearly complete hollow forms. Oik* (Plate* 
U, figures 9 and 10), with a small hole* leveling imvarels frenn 
the* anterior surfae-e* <‘on1uin<*d abumlant line sanel and <-lay 
constituents that liael Hltere*el int*> the* internal cavity. 'The* 
(-nl)ie-iil e-ont.ents *>f the inte*rnal bubble contained by this bedlow 
form have be'en <let<‘rmined as 1-18 *-*-. by introelucing a g<>e>el 
we*tting fluid (tednene) through the; small bede* by limans of a line 
capillary tube, a11<I weighing the* aiistralite with and witlmnl the* 
fluid, on an air-eiampeel balance. It cannot be* dee-isivedy 
el(*t(*rmiii(*el whedher the* fra*-tur<* fragmemls frean the* hollow 
australites were* broken hv impae-t *>n lamling, *>r by snbseepienl 
natural effee-ts (*>r by a*-*-i*len1) while resting upon the earth's 
surfae-e. .Judged frean the *l<*grrc of e*re)sion sh*>wn by the 
fragments, breakage* e*viele*ntly e»e-e*urre*el a long time ag*>; the 
same applies to the* metre 1 e-eanphde 1 hollow button lignre*el on Plale* 
LI, figure 11. The* almost e-eanplete liedhtw button (Plate II. 
figures 9 and 10) was apparently punednml by process«*s 
involving etediing to a great exte*ut, fetr the reasem that the outer 
end of the* etpening leaeling into llie* internal e-avitv occurs 2• b nun. 
below the external fremt pedar regiems of the* anterior surfae-e. 
and is situate 1 *! at the june-tiem e»f seweral radiating gretetve's (e*f. 
Plate II, figure* 9). Two *>f the liedhtw fetrm fragments are* 
large* (“lietugb to furnish the* dimensieuis e»f the* etriginal internal 
bubble's. One of these was 14-7 mm. a<*reiss, and the* either, 10-0 
mm. The eubie-al e-emtemts of these 1 bubbles would have been 1 -04 
*•*•. and 1-88 ce-. respee-tively. 

The tbieekness of the bubble 1 walls of the hedhnv feu-m 
fragments varies from ()• o mm. t*> 7-0 mm. Fragments broken 
from the equatorial regions (In714), where 1 the* anterieu- surface* 
meets the posterior surfae-e, usually show a marked thickening 
of the bubble walls in the* regiem where flanges usually form *m 
sell id australit**s. Flauge*s are usually the exe-e'ptiem rather than 
the rule* on imlleiw australites frenn *>th**r parts e»f Australia. s*> 
that it is of interest to tinel remnants *>f we*ll-<love*h>pe*el flanges 
attae-heel t*> two bedlow forms (Plate II, figure's 9, 10 and 11) 
aiming the Xirramla Strewnfiedd australites. Fragments from 
forms belonging t*> shape* grenips either than the* hedhiw, button- 
like? e*xample*s ele*se-ribe*e], alsei contain bubble's ed meire Ilian usual 
size. Th**s*> range in size- from 4 nun. as in re*g. lie*. F79b\ and 
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upwards in diameter. One of the hollow form fragments ( KiSdO) 
shows evidence of inward collapse of part of the buhhle walls. 
The collapse occurred in the walls of the internal bubble nearest 
the anterior surface of the australite, at a time when secondary 
fusion and ablation had resulted in reduction in thickness of 
the anterior walls, and so partial collapse of the bubble occurred 
during atmospheric tlight. 'The plastic glass in the region of 
collapse became inrolled on to the inner walls of the internal 
huhhle, hut solidified before much Howage occurred. 


Size, 


Web hit and 
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Where sufficiently W(‘ll-])r(“serv(‘d to provide the necessary 
information, each australite in the collection has been measured 
to ascertain (i) the depth and diameter of forms that are 
circular in plan aspect, (ii) the length, width and depth values 
of elongated forms, and (iii) the width values of flanges, 
including those still attached to body portions, and detached 
flange fragments. All the specimens, whether complete, nearly 
complete or fragmentary, have, after cleaning, been separately 
weighed in air on an air-damped chemical balance. The specific 
gravity value of each has been determined in toluene at 20 (A, 
the results listed in Table IV being recalculated values for air- 
free, distilled water. 


The size measurements, the weight values and the specific 
gravity values are given in 'Fable 1Y for the different shape 
groups only. Individual values for the different australites 
found in the Xirranda Strewntield have been plotted in the 
frequence polvgons and scatter diagrams shown in text figures 
2 toll. 


Size 

All values obtained from the measurement of depth, 
diameter, length and width of the Xirranda Strewntield 
australites are recorded to the nearest ()-o mm. in 'Fable JY. 
Kacli depth value represents the maximum thickness measured 
between the front and back poles of 1 Ik* curved anterior and 
posterior surfaces respectively (ef. text figure 19). 'Fable 1Y. 
reveals that the largest complete forms are in the core group, the 
smallest in the lens-shaped group. 

'Flic relationships bet well till 1 depths and diameters of the 
round australites (i.e. buttons, lenses and round cores) are 
indicated in figure 2. 


Table IV. 

Weight, Specific Gravity and Size Values of Xirranda Streicnfield Australite • 
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r rhe distribution (text figure 2) is confined to a relatively 
narrow zone above the line of unit gradient, showing that 
diameter is always greater than depth in any given round torni. 
There is revealed a transitional increase in both depth and 



Scatter diagram showing depth-diameter relationships for round forms of the 
Nirranda Strewnfield australites. 


diameter from least's, through buttons and smaller cores, to the 
larger cores, with depth increasing as diameter increases. A 
noteworthy feature of the distribution is that a number of forms 
with the same 1 diameter have different depth values, and a number 
with the same deplh have different diameter values. 'Phis 
relationship holds for different value's of both depth and diameter. 
There are, for example, 17 buttons and lenses having the same 
diameter of la mm., but depth variability of from b to 10 mm., 
indicating that similar original forms have born ablated to 
different degrees to product* secondary shapes of the same 
ultimate 1 diameter and different depllis. There are also 24 
buttons anti lenses with the same depth value of 9 nun., bill with 
diameters varying from 14 a mm. to 20 mm., thus indicating that 





























































NIHUANDA STUFWNFIFU) AUSTUAI.1TFS 


origin;] 1 forms of slightly different size 1 have 1 lx‘(‘u ;iI)l;i 1 <m 1 to 
ditfercnl dep'oes in etreh'r to produce 1 se'conelary shape's <d" the 
same ultimate 1 ele'ptli. 'The 1 indications of tlie 1 production of cud 
members ap'coin^ with e>ne allot hen - in certain measurennents. 
from primary forms of originally differeuit si’/.e 1 , reveuve 1 furl lieu 1 
suppeirt fre>i i l a study of the 1 redationships of the eleplhs and 
diamete'rs to the 1 radii of curvature 1 of the 1 ha<d< and front 
surfae'os respectively (se'e 1 <c*xt figure's 2d 2(i). 

The frequency polygons for the 1 ele'ptli and diamedeu - value's 
of these round forms of australites are 1 shown in te'xt lipire 1 



FIGURE 3. 

Frequency polygons foi depth and diameler values of round forms of tlie. 1 
Nirranda Strewn field australites. 


The depth and elianuder values (text lipire :>) have 1 hern 
plotted to the 1 nearest 1-0 mm. 'file 1 respective mode's, <S fe>r the 
depth vahu's, and Id for the 1 diamede'r values, he'ar out the 1 
observations that in most of tlie'se 1 rouuel forms of anstralite's oae-li 
diameter value is usually approximately twie-e the 1 ele'ptli value 1 . 
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Consequently the appearance of these anstralites in side aspect 
(or in silhou(‘tt(*) is frequently lenticular (ct. text figure 19). 
A eoninion size among these button- and lens-shaped anstralites 
is that provided by the modes in text figure 3, namely 8 mm. by 
lb nun. 

The population of complete individuals in each of the 
remaining six australite shape groups is insufficient for their 
size relationships to be shown satisfactorily by means of either 
scatter diagrams or frequency polygons, although the group 
of fhe oval-shaped anstralites yields relatively satisfactory 
scatter diagrams for length-depth and length-width relationships 
(see text figures 4 and 5). 



FIGURE 4. 

Scatter diagram for length depth relationships of the oval-shaped Nirranda 
Slrewnlield austral ites. 


In text figures 4 and b, each distribution falls into a narrow 
zone above the line of unit gradient, and both depth and width 
increase generally as length increases. A few specimens with 
the same depth (e.g. (j nun.) have length variation (from 11-b 
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mi| >- b> IT mm.), mid ;i few with the same length (e.g. II nun.) 
Vfi ry in depth ( I i*<nii •(•;> mm. |u S mm.), while comparable 
trends ;ir<‘ also shown for length width relationships, although 
llu“ variations an* not quite as pronounced. Such relationships 
an* somewhat analogous to those already outlined in the groups 
ol hnfton-and lens-shaped anstralitcs. 



WIDTH IN MILLlMC-TfU S 

FJGURK 5. 


Sc.nllor diagram for length widlli relationships of the oval-shaped Ninanda 
SI rcwnlield a list ralites. 


Ill text lie-lire d, the relationship helween length and width 
for the small population ol boat shaped anstraliies is sin-h as to 
revt'al a similar increase of width with increased length as in the 
oval-shaped group, hut there is a iiineh wider seat ter. 

The relationship of widths to numbers of Hanses encountered 
in the strewnlield, is shown in text figure f>. Seventy two width 
measurements were made on fi) flanges still attached to both 
complete and partially fragmented button-shaped mist ralites. 
(ii) two flanges detached as complete entities from buttons and 
one from an oval, and fin) several llange fragments comprising 
from oik* sixth to ,jnst over one half of the original, mainly 
from buttons, with one from an oval. 
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The mode of the frequency polygon (text figure (i) occurs 
at the 3 mm. width value, and this corresponds with the calculated 
average value for flange width. The measured range in the 
width of flanges is I d mm. to 5 nun. (see Table IV), hut the 
range in the frequency polygon (text figure (>) is recorded as 2 
to 5 nun., because the measured values have been plotted to the 



I 2 3 4 5 6 

WIDTH IN MILLIMETRES 


FIGURE 6. 

Frequency polygon for widths of flanges. 


nearest 1-0 mm. 'The widths of the flanges were obtained by 
measuring across their posterior surfaces, from the outer (i.e. 
equatorial) edge to the inner edge (or (dun of. text figure Id). 
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Wrijjlit. 

The smallest weight value of a complete form among the 
Nirranda Strewnfield australites is 0-247 grams, for a small 
lens (reg. no. K781) measuring 7 mm. in diameter and 4-4 mm. 
ill depth, and having a specific gravity of 2-42)4. There are 21 
fragments with lower weight values than this, the lightest 
fragment weighing only 0-090 grams. 

The largest weight value obtained is 45-100 grams, for a 
large elongate core (reg. no. M922) measuring 49 mm. long, 34 
mm. wide and 28 mm. deep, with a specific gravity of 2-447. 
This specimen (Plate 111, figure 10), from “ Hrrawallun 
homestead, one mile south of Nnllawarre P.O., was found under 
a tree in 1910, by Mr. A. Mathieson, Sin-., while sheltering from a 
storm. 

The total weights, ranges in weights and average weights 
for complete australites, and for all specimens including 
fragments, from the Nirranda Strewnfield, are compared in 
Table V with those for the Port Campbell and the Moonlight 
Head Strewnfields. 


TABLE V. 


Strewnfield. 

Number of 
Specimens 
Found. 

Number of 
Specimens 
Weighed, 

Total 
Weight 
in Crams. 

Average 
Weight 
in Grams. 

1 

Weight | 
Range in 
in Grains. 

Average 
Weight of 
Complete 
Forms in 
Grams. 

Weight 
Range of 
Complete 
Horne, in 
Gram-. 

Nirranda 

370 

36(3 

668-396 

1-826 

0-090 

to 

55-100 

2-560 

(155 

S)>]>.) 

0*247 

to 

55* 100 

Port Campbell 

1.487 

573 

830•322 

1 -549 

0-054 

to 

56•482 

2-731 

(212 

.spp.) 

0*005 

to 

0(3*482 

Moonlight Head .. 

20 

15 

1_ 

51-052 

3-403 

0-134 

to 

25-869 

4-912 

0*837 

to 

25*801) 


Because of low numbers of specimens, weight values for the 
australites from the Moonlight Head Strewnfield have little 
statistical significance in comparisons with those of the Nirranda 
and Port Campbell australites; nevertheless, the numbers listed 
for the Moonlight Head Strewnfield represent the total 
population known, and searches in recent years have yielded no 
more specimens. 
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XmillK‘i*s are satisfactory for significance in the Xirranda 
and Port Campbell Strewnfields. and the fact that the average 
for all specimens weighed, including both complete specimens 
and fragments, is lowin' for Port Campbell than for Xirranda 
anstralitos, can he explained as a function of the discovery of a 
greater number of smaller fragments in the Port Campbell 
Strewnfield. where th<‘ average weight of coni])lete forms is a 
little higher. 

The weight distribution of complete forms of anstralites 
from the Xirranda Strewnfield is shown in text figure 7. 



3 4 5 6 7 0 9 ION 12 1314 

WEIGHT /N C .9 AMS 


FIGURE 7. 

Frequency polygon illustrating numbers of complete australites with similar 
weight values, Nirranda Strewnfield. 


The frequency polygon (text figure 7) reveals that the 
greatest number (12b or 81 per cent.) of complete and nearly 
complete anstralites from the Xirranda Strewnfield occur in tbe 
lower weight range, between 0-b and 2-b grams, with a 
prominent mode at l - > grams. Three specimens weighing lb*ib, 
l!i-a and a.) grams respectively have been omitted from the 
frequency polygon for convenience of representation. 'There is 
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a marked gap in the fivepienev polygon eivated by a <*<n 111 >1 <*1 c* 
absence of specimens in the 4*5 to 8-d grains \v<'i^*'b1 range, while 
there are no complete 1 forms weighing h‘ss than 0-23 grains. 

The calculated .average weight of 2-d(> grams ('habit 1 \ ) 
for the Nirranda Strt'wniicld australite's is strongly inihnmced 
by the inclusion of (> specimens weighing from 8-d 1o dd grams. 
If these 1 are 1 omilted, the* e-alenlate-d avewage wtdghl is I d grams, 
a value 1 which them agre'es with the 1 mode of the 1 wedght numbers 
freepiene-y polygon (te'xt figure 1 7). 

Specific (Jniril //. 

Spe'eifie gravity value's of the Nirranda Sirewnliedd 
australites have 1 heem deteu-mine'd to 1 he 1 iwaivst third eh'ednial 
place, but they have* beam plotted in ihe accompanying fmpieney 
polygems tee the* nemivst second decimal place 1 . 

The lenvost specific gravity value 1 is 2-3G3 for a core 1 fragment 
(reg. no. F771) weighing 0-823 grams, and the 1 highest is 2-471 
few a Urns (reg. no. Ml Old) measuring 11 mm. in eliamtde 1 )- and 
d• d mm. in depth, and weighing 0-772 grams. The cah-nlate'd 
average specific gravity value few the 1 3(>(> specimems is 2-400. 

That the specific gravity can vary a little in one 1 and the same 1 
australite, is inelie-ated by a spee-imen of an oval-shape-d form 
(reg. no. F833) that was discoveml in threw 1 pieces lying in 
cemtae-t, partially emheddeel in soil. Determinations <>f specific 
gravity values for the 1 three pie'e-es separately, ami for the 1 three 1 
together, are 1 shown with tlie'ir respe'etive 1 wedghts tlnm: 


Weight in (»nnns. Specific Oravity, 


Whole form 

M3 0 

2*31)3 

Complete flange 

0*702 

2*110 

First half of core 

1 *880 

2-303 

Second half of core 

l • 788 

2-301 

Two halves ol core together 

3-071 

2*307) 


Flanges normally have a rather lower spee-itic gravity than 
body portions of australites (of. I laker and Forsler. 1044, p. 
383, and Table d, p. 384), but this particular oval-shaped form is 
an exception in having a flange with a signifie-antly givater 
spee-itic gravity than the 1 body portion. The deteu-mination for 
the complete flange was chee-kenl and re-clweked, but always with 
the same result. 
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Ill contrast to this specimen, a Imttou fragment (reg. no. 
hil()29) from which tlu* attached flange remnant was broken 
away, showed the saint' specific gravity values for flange and for 
body portion— 


Weight in Grains. Specific Gravity. 

Hutton fragment with ilange attached . . 1 -92(j 2*392 

(oit portion 1-7(57 2*392 

iange portion .. .. .. 0139 1 2*392 

The relationships of specific gravity to total numbers of 
specimens and to tlit' total weights of anstralite glass having the 
same specific gravity, are shown in text figure 8. 



FIGURE 8. 

Frequency polygons showing relationships of numbers of specimens and weights 
of specimens to specilic gravity values for Nirranda Strewnliold australlies, 

The two frequency polygons in text figure 8 show a close 
parallelism throughout, and a relatively regular increase in 
numbers of specimens and in weights from the 2-.‘>7 specilic 
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gravity value to the mode of 2 -40, after which there is a steady 
(leeline to 2- 47, hut for a minor peak at 2-4t>. One specimen 
weighing do grams, with a s]>eeilie gravily value of 2-44. has 
been omitted from the total weights-specilic gravity frequency 
polygon; its inclusion would produce a very prominent peak 
rising to nearly 90 on the 2-44 specific gravity co-ordinate in the 
weight frequency polygon. 

Analysis of the nnmbers-speeifie gravity frequency polygon 
(see text figure 8) by the* construction of separate frequency 
polygons for the* different shape groups (see text figures 9 to 11). 
reveals that it is compounded of populations possessing variously 



FIGURE 9. 

Frequency polygons showing the relationships of numbers to specific gravity 
values of buttons, lenses and round-form fragments among the Nirranda 
Strewnfield australites. 


situated modes, indicating specific gravity variations from shape 
group to shape group. In the overall frequency polygon (text 
figure 8), however, most irregularities, which in themselves are 
significant, have been smoothed out. 
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r riu‘ relationships of nuniluM's of specimens to specific 
gravities for tlit* round-forms of australites, including round-form 
fragments, arc set onl in t <‘Xl figure f); round cores an* not shown 
because of low numbers (only 4 specimens). 

Peat tires of the frequency polygons for the romid-forms of 
australites (text figure !)) are (i) tlit* moir or loss regular 
increase from 2 •IS to a modi' of l! *-f 1 for bntton-sbapi'd forms, 
and a regular decrease thereafter to 2-44, (ii) till' existence of 
two modes (at 2-2><) and 2-12) in tin* frequency polygon for the 
lens-shaped forms, anil a distinct shortage of specimens having 
a specific gravity of 2-42, (iii) two prominent peaks (at 2-40 and 
2-42) in the frequency polygon for round-form fragments, with 
a marked fall in the 2*41 region and comparatively high numbers 
of specimens in the 2-2t) region; this collects the original 
character of the complete forms from which the fragments were 
developed some coming from buttons and some from lenses— 
Iml there arc interesting discrepancies such as (a) the occurrence 



EKRJRK 10. 

Frequency polygons showing the relationships of numbers of specimens to specific 
gravity values of oval-shaped forms, and of boat-shaped forms and fragments 
therefrom, among the Mirranda Strowntield australites. 
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ot a depression in 1 in* round-form fragment polygon on 1 h<* 2-41 
specific gravity value, wliicli is Hie value of the inode for button- 
shaped specimens, and (b) the oeeurrenee of a peak on tin* 
2• 42 specific gravity value, wliieli is a value for which there are 
relatively low numbers of buttons and exam fewer lenses. 

Among the elongated forms of australites, the numbers— 
specific, gravity frequency polygons (text figure 10) reveal modes 
of 2-41 and 2-40 for oval-shaped and boat-shaped anstralites 
respectively, the mode for tin* oval-shaped forms agreeing with 
that for button-shaped forms. Both of these eloiigale shape 
groups show a shortage in numbers of specimens with a specific 
gravity value of 2-43, and minor peaks at 2-44. The reason for 
this is obscure, if not a resnll of sampling. 



FIGURE 11. 


Frequency polygons showing relationships of number of specimens to specific 
gravity values for flange fragments, nondescript fragments and hollow-form 
fragments among the Nirranda Strewnfield australites. 

Frequency polygons have not been constructed for the groups 
of elongated australites referred to as dumb-bells, as canoes, and 
as teardrops, because of low populations of specimens in (Rich 
of these shape groups. Numbers are a little higher in the group 
of the fragments which embraces flange fragments, nondescript 
fragments and hollow-form fragments as distinct groupings 
from those (round-form and elongate-form fragments) already 
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plotted in text figures 1) and 10. Although they have no espeeial 
statistical significance, the numbers- -specific gravity relation¬ 
ships of those three separate groups of fragments are shown in 
individual frequency polygons (text figure 11) for purposes of 
record. 

The absence of a mode in the frequency polygon for flange 
fragments (text figure 11) is probably due to low numbers, 
while the serrated character of the frequency polygon for nonde¬ 
script fragments seems to be partly a result of derivation of 
these fragments from several of the anstralite shape groups. 
Seventy per cent, of the hollow-form fragments occur in the 2*38 
to 2-39 specific gravity range, indicating that hollow forms 
generally have lower specific gravity values than most members 
of the other anstralite shape groups. This is not entirely a 
consequence of their gas content, because the fragments of the 
hollow forms are themselves relatively free of included gas 
bubbles. 

Compared with similarly constructed frequency polygons 
for the specific gravity values of ono Port Campbell australites 
(see Baker and Forster. 1943, pp. :>89-390), and for the weight 
distribution of complete australites from Port Campbell and 
other localities (Baker and Forster, 1943, p. 393), the Nirranda 
Strewnfield australites show similar relationships. For the 
weights polygon the mode in each occurs at 1*50 grains, and 
there is a comparable distribution on the left-hand side of each 
mode, and a comparable distribution on the right-hand side of 


TABLE VI. 


Mrett lifield. 

N timber 

of 

> peril ileus 
Found. 

.Number of 
specific 
(1 ra vi t y 
Determina¬ 
tions. 

A\erage 
Specific 
Gravity 
for ali 
Values 

1 letermined. 

Kange of 
Specific 
Gravity 
for all 
Values 
Determined. 

A verage 
Specific 
Gravity 
of 

( ‘omplete 
Forms. 

Kange of 
Specific 
Gravity 
of 

Complete 

Forms. 

1 _ 

Nirranda 

370 

;3t)d 

2 • 101) ' 

2-303 

! 

2-110 

2-37 





to 

(ir>5 

to 

Port (’ainplndl 

1,187 

573 

2*;m 

2-171 

2-305 

•spp.) 

2-101 

2-47 

2-33 




to 

(2;ta 

to 

Moonlight Head 

20 

Id 

2 *111 

2-455 

2-400 

spp.) 

2-115 

2 17 
2-40 





to 

0 > 

to 





2 • 135 

spp.) 

2-41 
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caHi modi'. Tin* frequency polygons for t Ik* relat ioiisliips 
between specific gravity and total number of specimens for each 
strewntield are also generally similar, while then' are a few 
minor variations among the specific gravity polygons for similar 
shape groups from each strewnlield. 


.Relationships between the specific gravity values of the 
Xirranda, l‘ort. Campbell and .Moonlight I lead Slrewniields 
australit.es are shown in Table VI. 


Fua(Tu:k and Kkaomkxtatiox 

r Phe glassy nature of australites mak(*s them liable 1 o ready 
fracture, and 08 per cent, of Ihe Xirranda Strewnlield australites 
are fracture fragments. 'The menus whereby any particular 
anstralite has been fractured is uncertain, but some of flu* 
possibilities are (i) fracture by impact on lauding, (ii) fracture 
due to impact by other objects displaced during surface run-off 
across the exposed areas on which the australites were found, 
(iii) fracture resulting from diurnal temperature changes, (iv) 
fracture during usage by aborigines, and (v) fracture or wear 
in the gizzards of large native birds (emus and bush turkeys). 

ITiweathered fracture surfaces typically tend to be 
conehoidal, with a marked ripple fracture on the curved 
surfaces. Conehoidal fracturing produces curved segments 
from the equatorial regions of the australites, and these segments 
sometimes possess still-attached flange remnants, sometimes 
show a flange hand, and sometimes show neither of these features, 
according to the shape group from which they were derived, or 
according to the degree of abrasion suffered by an originally 
flanged fragment. 

The result of the fracturing process is to produce various 
kinds of fragments of different size and shape, both from one 
and the same, and from different anstralite shape groups. Most 
fragments retain sufficient shape and structure to indicate the 
particular shape group from which they were derived, but a few 
are classified as nondescript because, although they may retain 
recognizable remnants of anterior surface, of posterior surface, 
or of equatorial regions occasionally with flange remnants, they 
provide no clear indication of original shape. Many nondescript 
fragments have been derived from the interiors of the body 
portions of australites, and thus cannot be classified with any 
particular shape group since internal structures alone do not 
serve to discriminate one shape group from another. 
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The type of fracturing occurring in some australites is 
depicted in text figure 12. 



Sketch diagram illustrating the principal types of fracture in australites. 


With the posterior surface of the anstralite in contact with 
a small steel anvil, repeated light blows in the front polar region 
of the anterior surface yielded chips showing eonehoidal and 
ripple fracture. With sharper blows, a conical-shaped core was 
ultimately produced, having a greater proportion of posterior 
surface than of anterior surface, and thus closely resembling 
the naturally occurring conical cores (see Plate III, figure 14). 
This suggests that the glass of the secondarily formed anterior 
surfaces in australites is rather less mechanically stable than 
that of posterior surfaces. Moreover, since 87-d per cent, of 
specimens were found to have their anterior surfaces upwards, 
the anterior surfaces are thus more exposed to subaerial 
weathering agents, once the australites have been uncovered 
from their soil environment. Anterior surfaces also receive a 
greater proportion of direct sunlight, and since the coefficient 
of thermal conductivity of australites is low. between 









NIRRANDA STREWNFIELD AUSTRALITES 


93 


tliat of Darwin (ilass (0-002) and that of artificial glass 
(0-0005 cals./cm./ <’.), rate of heat transference is therefore 
low, and so the exposed anterior surfaces should he more liable 
than posterior surfaces to cracking by repeated expansion and 
contraction. 


Several stages in the development of fragmentation products 
h.v a process of natural flaking and fracturing have been noted 
among the Nirranda Strewnfield anstralites. Tin* onset of 
fracturing is marked in some specimens by the appearance of 
fine, hair-like cracks (<-f. Plate I., figure 7). These become 
gradually widened and deepened, partly by etching, and in 
time dee]), more or less parallel-sided grooves result- (ef. Plate I, 
figure 8, and Plate IV, figure 21). The grooves occasionally 
form a (-rudely radial pattern on the anterior surface, as shown 
in Plate TI, figure 9. Sometimes they curve around from 
anterior to posterior surfaces (Plate IV, figure 21) and some¬ 
times they tend to be parallel with the equatorial periphery 
(see right-hand side of Plate 11, figure 10). In course of time, 
pieces of anstralites delineated by prominent grooves become 
fractured from the parent form, largely as a consequence of 
strains and stresses set up by expansion and contraction caused 
by diurnal changes of temperature. Since most of the Xirranda 
Strewnfield anstralites were located on barren patches, they 
have been extensively exposed to the full force of the sun's rays 
during the daytime, and remained unprotected from the lower 
temperatures prevailing at night-time. Kepeated expansion and 
contraction could therefore well have been responsible for partial 
fracturing of the anstralites that possess strongly-marked, 
relatively dee]) grooves; such a process seems to have occurred 
with some australite specimens. The process is further aided 
by the lodgment of clay and fine sand grains (mainly quartz) in 
the grooves, accompanied by continued etching. The forces 
exerted by differential expansion between the material in the 
grooves and the adjoining australite glass would ultimately lead 
to fracturing away of any portions outlined by grooves. 
Similarly, clay and fine sand are sometimes wedged and or 
cemented into bubble pits. 

The importance of the existence of strain lines in australite 
glass as a factor contributing to their fragmentation, once they 
became exposed to atmospheric agencies, receives support from 
Hammond’s (1950, p. 272) work on the compressive and tensional 
strains in lion-homogeneous glass. Hammond has shown that 
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even a scratch on the surface of highly strained glass may cause 
disintegration. The glass of australites is not in a state of high 
strain, hut that the glass is not completely homogeneous and is 
under some strain is proved by the fact that all forms are 
completely How-lined, with certain of the flow-lined areas 
exhibiting weak birefringence and undnlosc extinction under the 
petrological microscope. Opportunities for scratching to initiate 
fragmentation are plentiful on the wind-swept, rain-washed 
sandy portions of anstralite-bearing patches of ground. 

The breaking away of flanges, rarely as complete entities 
(Plate 1, figures 4 and o), more frequently as small pieces, is 
one of the most common features of anstralite fragmentation. 
Fracturing here is largely brought about as a direct result of 
differential expansion of (day particles and sand grains wedged 
in the narrow gap separating the equatorial peripheries of the 
posterior surfaces of australites from the partially overhanging 
neck surface (ef. text figure la) of the flanges. The process of 
flange separation by fracturing is assisted by the fact that the 
planes of union between the flange and body portions of 
australites are the least mechanically stable of all anstralite 
structures, for here the glass is thin, and often a position where 
etching processes have been active. 

The fracture and fragmentation of hollow forms of 
australites, and the development of the flaked equatorial zones 
on the larger cores, have been referred to earlier. 

Sen. nr in: Patterns and Ktchinc Fitf.cts 

The sculpture patterns of the Xirranda Strewnfield 
australites consist of varying combinations of flow lines, flow 
ridges, grooves, small bubble pits and larger bubble craters. 
These features are not as well shown as on the majority of the 
Port Pamphcll australites, because of more marked destruction 
by abrasion. Internal structures, however, show eqnalh as 
complex flow-line palterns. as can Ik* seen from the photographs 
of two thin sections of lens-shaped australites (Plate V, figures 
2b and 27), and as shown on the walls of deeper grooves that are 
better protected from abrasion but exposed to etching solutions. 

It has not yet been conclusively proved whether the external 
sculpture of tektites is a primary feature generated prior to 
and, or during atmospheric flight, or whether it is entirely a 
secondary feature brought about by natural etching, by soil 
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solutions. As observed on the external surfaces of Australian 
tektites, it seems that sculpture patterns are manifestations of 
internal structures, and are at least accentuated by natural 
etching under certain conditions, practically destroyed by 
abrasion under other conditions. The appearance of an anstralitc 
at the time of its discovery thus depends upon whether etching 
processes or abrasion had been dominant. There is no doubt, 
however, that the sculpture patterns observed on the external 
surfaces of australites and fracture fragments of australites 
depend upon the nature of their How-lined interiors. This is 
proved by the following observations—(i) when they are 
artificially fractured, australites show highly vitreous, relatively 
smooth, convex and concave surfaces, occasionally with a 
subsidiary ripple fracture pattern, (ii) naturally fractured 
surfaces of some antiquity frequently show flow-line patterns 
and pits, and all have lost their vitreous lustre*, (iii) when dull, 
abraded australites are etched in the laboratory, a sculpture 
pattern composed of flow' lines, pits and shallow’ grooves is very 
well brought out, according to the time of immersion and the 
strength of the etching solution. At the same time, tin* dulled 
surface becomes increasingly lustrous, although never as highly 
vitreous nor as evenly smooth in appearance as freshly fractured 
surfaces. 


Artificial etching tests have yielded some interesting results. 
An oval-shaped australite (Plate IV, figures 24 and 25) from 
the Nirranda Strewnfleld, had, when first discovered, dulled and 
smoothly worn external surfaces. It showed occasional ill- 
defined shallow pits and worn down How ridges on the anterior 
surface, and poorly marked bubble pits and How groove's on the 
posterior surface. The glass between these sculpture elements 
showed a very minute pitting as revealed under a xIO hand lens. 
This specimen was immersed in 4 per cent, hydrofluoric acid at 
21-8 n (’. for H4^ hours, in such a way that all of the anterior 
surface and half of the posterior surface* were immersed. After 
G4.i, hours, the temperature measured 20-5 (A. and after washing 
and drying the specimen, re-weighing revealed a loss in weight 
of 0-397 grams. If the concentration of tin* hydrofluoric acid 
did not vary appreciably during this period, the anstralitc glass 
dissolved at an approximate rate of 0-00(4 grams per hour. The 
lion-immersed portions of the specimen remained virtually 
unaffected, except for slight attack by acid fumes. This portion 
thus still shows the dull, abraded surface that was evident all 
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over tlu* specimen \vh<*ii it was discovered on the ground. On 
the immersed portion, however, the former dull ehnraeter luts 
vanished. and the specimen appears fresh and new (Plate IV, 
figures 21 and 2b). bitching occurred differentially along flow 
lint* directions, bringing out the sculpture pattern particularly 
well. Deeper (‘telling along some flow line directions produced 
rather deeper flow channels. Closer examination of these 
channels reveals tlial some have a vermicular segmented 
appearance as though compost'd of strings of small bubble 
depressions in contact. Other etching effects are flit' accentuation 
and deepening of certain bubble pits. 

The fact that minor amounts of differential etching occurred 
in the hydrofluoric acid points to slight variations in composition 
along flow line directions. Presumably somewhat deeper etching 
was directed along streaks of anstralite glass richer in silica, 
showing that flow-lined australites are not entirely composed of 
strictly homogeneous glass. In 1 lit* initial phase of the formation 
of anstralite glass there has therefore not been complete and 
thorough mixing of the original ingredients, suggesting rapid 
fusion at relatively high temperatures, followed by rapid cooling. 
In the etch test described above, it has not been possible to detect 
whether one or the other of the anterior or posterior surface's 
respectively became more deeply etched. The eye cannot detect 
any significantly marked attack of greater degree on one surface 
mure than on tlu* other, even with the aid of a hand lens. It 
would thus appear that little, if any, chemical variations exist 
between anterior and posterior surfaces respectively, although 
there may be physical differences, inasmuch as it is suspected 
from other evidence (cf. Penucr, 191 If), p. 1)12) that the glass near 
and at tlu* anterior surface, and the glass of tin* flange, may lx* 
rather less mechanically stable than tin* glass composing the rest 
of the ansi ralite. 

Evidently natural etching only affects those australites that 

.-nr in positions favourably silnated for attack by weak acidic 

solutions, enabled to art over a period embracing the last few 
thousand years of Decent geological time. Such favourable 
positions require burial in soils or other surficial materials when 1 
etching soli it ions were available. A list ralite specimens displaying 
accentuated sculpture patterns on discovery evidently have* been 
recently released from their soil environment, while those with 
poorly marked sculpture patterns, or none at all, were released 
long ago, and in the meantime have been exposed to the action of 
various abrasive agents. 
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Hubble Hits. 

kltehiug experimemts with australite* glass, using -l per <‘<*nt. 
hyelrofluoric ae*iel, have shown thal the smaller pits can Ik* 
initiated and aee<*idiiat(*d on the worn external surfaces of 
australites. They develop above tubes of class of slightly more 
acidic composition, such tubes of glass be*ing (*vident in thin 
sections of australites by virt.m* of slight eliffe*re*n<*e*s in refractive 
index value's, eompar(*d to neighlxmring parts of anstralite glass. 
The eteli pits so produced tend to resemble souk* of the smaller 
depressions that have become regarded as the impressions left 
by the escape* of very small gas babble's on tlx* primary surface's 
of australites, anel which are now pre*sorve*el on poste*rior snrfae-es 
only, pre>viele*el 11 lose* surface's have* ne>t be*e*n unduly we*athe*red. 

The larger eumilnr tee oval-sluipeel ele*pre.*ssious on post»*rie>r 
surfaces e>f the* body portions of australites (cf. Plate* I, lignre*s 
2 anel. (>, Plate 111, figure 12) are acea'pted here'in as re'presentiug 
positions of gas bubble* e'seape, anel from a study of tlx*ir raelii 
anel are*s of curvature (se*e* late*r) the* poste*rior surface's are* 
eonsielereel t,e> be* re*nmant })ortie>ns e>f the* original primary forms 
of australite's. r Phe* prese'ix'e* of bubble* pits on the* original 
surfae-e's of these* primary forms would peeiut to high 
te*mpe*rature*s of feermatieui, anel peessibly some boiling at the* 
siirfae-e*. 


Hubble pits are* selelemi (*ne‘onntere*(l njxm the* posterior 
surfaces of flanges, but minute* e*te-h pits are* pre*seut ( Plate* 1, 
figure 2). Hubble* pits an* also infre'epiemt fe*atnre*s e»f aute*rior 
surface's gene*rally, so that they are* thus re*lative*ly uncommon 
upon all of the* structure's of australite's that have* had a se'conelary 
origin. 'Die bubble* pits that <h> appear oecasienially on an1e*rie>r 
surface's coulel we * 11 re*pr<*sent internal bubble's (some*time*s seen 
in thin seetiems) lliat have* become e*xposed at the* surface* on the* 
particular levels to which a p roe-ess of slx*(*t fusion anel ablation 
liael progresse'd (cf. I taker, 1944, Plate I. figure* 4). This 
suggestion re*<'oive*s support frenn tlx* eibservation that some such 
bubble* pits reveal evide*ix*e* of inward collapse* against pressure. 
MMiev some!ime*s show inre>1 ling of the nppe*r e*elge*s of the* collapsed 
bubble pit walls, un<le*r the* influe'ix-e of the* se'conelary phase of 
melting of thin surface* films and other processes responsible* for 
the feirination of anterior surfaces. More open ]>its in this 
category sometimes shenv a small pyramid e>f glass at the botteun 
of the* collapsed bubble* pit. 
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Flow Jiidfjcs. 

Flow ridges (Plato I, figures 1 and 8, Plate 1\, figure 19) 
are characteristic of the anterior surfaces (i.e. front or 
forwardly directed during flight) of australites. In fact they 
are invariably confined to the anterior surfaces of the body 
])ortions and the flange portions, where flanges are still present. 
Their distribution is remarkably regular over the major portion 
of the anterior surface of any particular australite, but their 
shape and distribution vary a little in the different australite 
shape groups where flow ridges are developed, variation being 
according to the particular forms upon which they have been 
generated. The spacing apart of the flow ridges varies from 
2 to 4 nun., but tin* distance from crest to crest across the 
intervening shallow troughs is more usually approximately d nun. 

The smaller forms of lens-shaped australites (Plate 1, 
figure •>) seldom have flow ridges preserved, larger forms such 
as “bungs*' and large cores (Plate III) evidently did not 
develop How ridges. It is therefore only on forms of intermediate 
size that How ridges are to be observed—forms such as the 
buttons, the larger of the lenses, the ovals, and some of the boats, 
canoes, teardrops and dumb-bells. 'Phis indicates that there is 
an optimum size requisite for How ridge development. Forms 
without flow ridges in the shape groups where flow ridges are a 
characteristic feature of anterior surfaces have had them 
obliterated by weathering upon the earth's surface. 

Among tin 1 Xirranda Strewnfleld australites are 100 complete 
or nearly complete forms (i.e. 47 per cent, of the tolal number 
discovered) that reveal the How ridges in a sufficiently preserved 
stale for their character to be determined. Several fragments 
from this strewnfleld show parts of flow ridges on their broken 
anterior surfaces, but there is never enough preserved to decide 
whether the complete How ridges wore originally concentric or 
spiral in arrangement. 

Concentric (Plate 1. figure 8) and spirally arranged How 
ridges are present oil tin* Xirranda Strewnfleld australites in the 
proportions shown in Table VII. Souk* of the spiral flow ridges 
are arranged in a clockwise fashion, others are counter-clockwise 
( I Hate I. figure 1). 

In comparison with iho percentage shown in Table \ II, 
Fenner (1944, p. 74) found that of 7b buttons selected at random 
from the Shaw Collection, 42 (i.e. bti per cent.) had concentric 
flow ridges, while 18 (24 per cent.) were anticlockwise spiral, 
and lb (20 per cent.) were clockwise spiral. 
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Li addition to flic* main typos listo<I in Table \ II, an nnn.snal 
and rare variety of flow ridge is erndely radially arranged on a 
large fragment from a hollow form (K880). 

TABLE VII. 


Plow Kidge Arrangeinent. 


Per emit.. 


Conppiitrio 

Anti -cl oc k wist» s j)i ra l 
Clockwise spiral 
Double spiral 


lb 

27 

27 

l specimen 


Normally the spiral How ridges commence near the front 
poles of the anterior surfaces, and continue mole or less 
uninterruptedly until they merge into the equatorial periphery 
of the specimens (text figures Ida and ldr). Generally there is 
thus one continuous ridge* on each of the* anstralites having spiral 
How ridges. One specimen (P887) among tlu* Nirranda Strewn- 
Held anstralites, however, is unusual in possessing two open 
spiral ridges (texl figure IHn) arranged in a manner simulating 
the* two arms of certain spiral nebulae. 

The number of concentric How ridges on anstralites is a little 
variable. Some of the very small lenses are fundamentally too 
small to show How ridges, slightly larger specimens may have one 
concentric How ridge only. Larger lenses and most button-shaped 
anstralites, also several oval-shaped forms of comparable size, 
generally have two or three, sometimes four, concentric How 
ridges. Occasionally the outermost How ridge coincides with the 
rim of forms that do not possess Hanges. In the larger of the 
Hanged button- and oval-shaped anstralites, the existence of a 
greater number of How ridges than usual is indicated by the 
complex merging and interlacing of several ridges in the 
equatorial regions, principally on and near the anterior surfaces 
of the attached Hanges, where complicated wavy How-ridge 
patterns have been generated. Sectional aspects of such 
specimens (cf. Plate Yl, figure 28) reveal the presence of five 
or six, sometimes seven. How ridges for the form as a whole. 
Spiral How ridges do not show such marked eremdation on 
reaching the equatorial peripheries. 
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A few ((> per edit.) of the button-, lens- and oval-shaped 
australites are similarly finely pitted on both the anterior and 
the posterior surfaces. They show no flow ridges characteristic 
of anterior surfaces, and none of the bubble pits that typify 
posterior surfaces, hence, unless a flange, flange remnants or 
flange baud are present, it becomes impossible to detect which is 
the posterior and which the anterior surface. In view of the 
fact that the pitting is of a very fine character, and very unlike 
that of normally bubble-pitted surfaces, it seems that such 
“ two-surface pitting ’’ arises as an effect of rather extensive 
weathering and etching, rather than being the result of the action 
of agencies operating during the phase of atmospheric flight. 




FIGURE 13. 

Diagrammatic representation of flow ridges on the anterior surfaces of 
australites that are circular in plan aspect. 

A — concentric flow ridges; B — spiral clockwise flow ridge; C — spiral anti¬ 
clockwise flow ridge; D — double spiral flow ridges. 

(F.P. indicates the front polar regions of each anterior surface. The small 
dark, oval-shaped areas in figures B, C and D represent etch pits.) 


In text figure 13a, flic flow ridge nearest tin* front pole of 
the ausfralife is sometimes sharply marked, but often ill-defined 
due to subsequent erosion. The outermost flow ridge depicted is 
shown as being somewhat “ crinkled " fo indicate the onset of 
the development of a wavy character brought about by several 
flow ridges running into one another near the equatorial 
periphery. The intermediate flow ridge shown in figure 13a is 
most frequently the best defined, largely because of less abrasion 
in its vicinity. 
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hegarded from flic fronl polar regions, outwards towards 
1li(‘ equatorial limits ol these How-ridded australites, 11 k* spiral 
flow ridges ran he pictured as descending helical spirals, the apex 
of which is at the front pole, the spiral bi'oadening out towards 
the (*(ptutorial edge of the specimens, and the respective heights 
of such spirals being equivalent to the distance hetween the front 
pole and the radical line* of each anstralite possessing flow judges 
of this nature. Heights of spiral flow ridges are thus equivalent 
to the lengths OM shown in text flgmv 10. 

Few, if any, of the spiral How ridges connnence as sharply 
marked ridges right at the front pole position of each anstralite 
possessing a spiral flow ridge (cf. Plate I, figure J). They are 
often initiated from one side or the other, rarely from both sides, 
of an elongated etch pit situated within the front polar region 
(cf. text figures 13 b and 13n). The development of the spiral 
character of How ridges on these forms can he partly accredited 
to the presence and position of such pits, for they evidently affect 
the smooth and regular How wave motions generated in thin 
films of plastic anstralite glass moving away under frontal 
pressure from front polar to equatorial regions, at any particular 
stage of a process involving sheet fusion of anstralite glass. It 
is difficult to assess exactly what effects variations in boundary 
layer flow of the air in contact with the fast-moving australites 
may have had upon such surface features as the flow ridges. No 
doubt they were partly responsible for their development, and 
it seems probable that the character and changing nature of 
front surfaces, which alter as the arc of curvature of the forward 
surface varies with degree of ablation, would have marked 
effects upon variation in boundary layer flow, and this would be 
reflected in the position and migration of flow ridges. Boundary 
layer flow associated with drag effects operating upon the front 
surfaces of australites during supersonic flight, was evidently 
such that taken in conjunction with the development of etch pits 
in front polar regions, flow lodges with a spiral arrangement 
could be generated without necessarily assigning their origin 
to a process of rotation. There certainly seems to be no need to 
call upon rotation of australites dui'ing atmospheric flight to 
explain the moi-e commonly developed concentric flow ridges, for 


* The radical line is the line joining points of intersection of the two curved 
surfaces (constituting the posterior and anterior surfaces in australites (cf. text 
ligures 19 and 20), and is thus a measure of the diameter of the forms, provided 
each circle passes through the front and back poles respectively. 
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flaw would be* foriiK'd as relatively regular le*atures dining a 
si alt* of luaiidained ste*ady llight. I'ossihly some wobbling 
dev<*lo]K‘<l in forms <*ontaining spiral (low ridges; this eould 
come about by certain buffeting effects created by turbulence in 
the air stream separating from the equatorial regions of such 
austral ites. 

The pits that occur in tin* front polar regions ol souk* (low- 
ridged anstralites (of. text figure lb) art* not necessarily all 
normal bubble pits. They could well be etch pits produced 
during atmospheric (light by tbe removal ol slightly loss stable 
centres of glass. Ihibblo pits like those* on the posterior surfaces 
of anstralites are normally rare features of anterior surfaces, 
and where encountered, art* most likely internal bubbles exposed 
at a particular level reached at certain stages of ablation. Korins 
with concentric flow ridges seldom show pits ol any nature in 
front polar regions, although some show shallow grooves 
resulting from etching (possibly while on tin* earth s surface). 
Souk* forms with spiral flow ridges reveal no etch pits, but such 
may have been present in the immediately preceding stage of 
ablation, when the spiral ridges could have been initiated. The 
fact that <*tch pits can be readily generated and accentuated by 
artificial means, such as treatment, in 4 per cent, hydrofluoric 
acid, suggests the likelihood that during ablation, certain levels 
are reached in tin* glass of the anterior surface's of anstralites, 
where the slight inhomogoneitios of certain parts lend themselves 
to more* re*aely re*moval, lorming pits. Once developeal, these 
pits could them be* partly responsible* fen* 1 he* e-emtrol of spiral 
(low rielge* d<*ve*lopme*nt. l/nder siiedi a set of circumstances, 
there* is reason to suppeese that at various stages of ante*rior 
surface* ablation, one* anel the* same* australite* e-onlel have 
coucemtric flow ridge's at an early si age*, clex-kwise or anti¬ 
clockwise* spiral How ridges at a subseepiemt si age, and <*ven re*vei*t 
again to cemcemtric He>w ridge's at a still later stage. As found, the 
seweral type's of (low rielge*s note*el on ant<*rior smd'ace's appe*ar to 
repre'semt the enel stage's ed‘ arr<*ste*d flow wave* phemomema, 
deve'lope'd just prior to liual <*euisedielatiou <d‘ the* last films of 
secondarily re*-me*lte*d australite* glass produced and for<-e*d from 
front polar to equatorial re*gious, over the* surface* of re'latively 
un-lie*at<*<l, unel(*rlying glass. 'I’lie* sub-surface* tlow-line* patte*ru, 
howeve*r, is sue-li as to indicate* that glass has been stripped from 
lle>w-trough lvgious more* than from llow-rielge re*gie*ns. in the* 
filial stage's of the* de'velopment of anterior surface* se*ulpture. 
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^ u ‘ lorcyoiny i-(*iii;irks apply essentially to t lit* devedopmemt 
. *" >w r jdye\s <"• Hi<‘ ;iiH(*ri<»r surfaces of ansi ralites lhat are 
< n eular in plan and <>l a suitable size* and shape* for their 
formation. I he tact that tin 1 larger round forms of anstralitos. 
n< 11111 * 1 \ flu* yroup <d t h<‘ round core's, do not show f 1<>\\* ridges, 
indicates that there must lx* an optimum, ablation-reduced size 
o! the primary I onus, at which How ridges can Ik* formed. This 
state is attained evidently after at least one half to two thirds of 
the ylass of Hu* primary form has I»<*(*ii removed by ablation. 

forms ol aus1ralite*s in other shape* groups also show (low 
l id yes. and aya in tln*y a re developed on exa tuples that a re smaller 
than the correspondingly sha]K*d, lnm-llow-ridyed core* (and 
hnny ”) forms. Uoats and canoes (Mate IV, tiyim* 1b) 
mainly show a tendency lor the formation of concentric flow 
t idyes, with a certain amount ol flow-ridye-linkaye in place's, 
due to interferene-e where crowdiny occurs ne*ar tlx* cepiatoriai 
edyes of the* forms. 


( omplete* elnmb-lxdls and 1e*ardrops among the* Xirranda 
St rewnfiedd anst rabies show no (low ridyes, partlv because of 
their small size*, and partly because of d(*struction of such features 
by abrasion of somewhat laryer forms. One dumb-bell frayment, 
representiny one half of the* oriyiual form, shows one concentric 
flow ridye constrictiny towards the waist reyion. 


A stnelv of the* (low 


ridye* 


variation on the* ante*rior surfaces 
of ee*rtain elmnb-be*]l-shaped anstralite*s from othe*r south¬ 
west etrn \ ietorian 1 <x-alitie*s, provieh's substantial support for 
the validity of tile postulate* that anterior surface's of australite*s 
as found, are* secondary in dewelopment, and resulte'd from a 

non-rotational 
T<*xt (iyure* 14 


process <d‘ frontal meltiny and ablation duriny 
phase of Hiyht thronyh the* earth’s atmosphere, 
i 11 list rates this point. 


h’low' rielyes on tlx* spee-imon from Alt. William (1e*.\t liynre 
14, no. In) occur in two serie*s that are* e*ach <*oncentric in sense, 
b<‘iny centred about each front pole and followiny 1 he ye*nerai 
outline* of each bulbous portion of the dmub-bell-shape.r form. 
The How ridye*s he*come wrinklexl and irreyular dix* to mutual 
interference near the outer periphery of the* anstralite. Toxl 
(iyure* 14, no. 2u shows the* type of ridyes de*ve*loped on dumh-bcll- 
shapeel forms that have been consxh'rably ablated, and inste'ad 
of the anterior surface beiny bi-polar as in text (iyure* 14, no. lx, 
the* anterior portions of the* bulbous e*n<Is have been removed hv 
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ablation, and the anterior snrfaee of the form as a whole lias 
hceoine mono-polar, with the single front pole now situated 
centrally. The flow ridges are arranged in a generally eoneentrie 
manner about the front pole, but show marked angularity near 
the outer periphery. The sketches 1a and -A of text figure Id 
depict the side aspects of these two forms, and reveal the 
relationship between the disposition of the flow ridges and the 
nature of curvature of respective 1 anterior surfaces. 




FIGURE 14. 

Diagrammatic representation of flow ridges on the anterior surfaces of dumb-bell- 
shaped australites. 

(Flanges have been omitted from the sketches). 

1A Three-dimensional side aspect of dumb-bell from Mt. William, Grampians, 
Victoria. 

IB Generalized plan aspect of the front surface of the form sketched in figure 
1A. Based on figures 1 and IB, Plate 5 of Dunn (1012). 

2A Three-dimensional side aspect of modified dumb-bell from Port Campbell, 
Victoria. 

2B Generalized plan aspect of the front surface of the form sketched in figure 
2A, and based on a number of additional specimens. 

The abbreviation F.P. indicates the position of the front polar regions in these 
australites. Arrows indicate direction of propagation through the earth’s 
atmosphere. 
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I' 1 low ridges ai’<‘ intimately connected with Mange-building 
processes in a list rabies, and added to the nature of the Mow ridges, 
the fact that these dumb-bell-shaped forms (text lignre Id) 
possess remnants of Manges that in each are more or less the 
same width in waist regions as around bulbous portions, strongly 
suggests tlx* possibility that rotafmn was not only unnecessary, 
hut most probably unlikely, during the phase of formation of 
these Mow ridges and flanges. 

The flow ridge patterns illustrated in text figure 14 are 
idealized diagrammat ieally; many forms of the dumb-bell-shaped 
australites occur in which tlx* flow ridges are rather more 
irregular than illustrated, due to interference with one another, 
or at times, possibly dm* to slight inhomogeneities in the glass. 
Moreover, then 1 is evidence among other examples, from the 
Port Campbell Ntrcwnfield, for example, tlial there are several 
modifications of the type depicted in text figure 14, no. 2b. 
One such modification is that tlx* flow ridges trend in parallel 
fashion away from the front polar region of one only of the 
original bullions ends (ef. text figure 14, no. 1b), extending 
from this position transversely across the waist region and 
across the other bulbous portion. In such a form, the second 
bulbous portion is somewhat smaller and has a Matter are of 
curvature for its anterior surface, thus indicating that rather 
greater amounts of fusion and ablation occurred in its front 
polar region, and that it reached a stage of relative stability 
before the first bulbous end. Continued frontal fusion in the 
polar regions of this larger bulbous end, then yielded melted 
glass that Mowed more readily from its pole, in one direction 
along the length of the form and thus across the second hnlhons 
portion, and in the diametrically opposed direction to the 
peripheral regions of the form. 

Consideration of the side aspects of the two forms illustrated 
in text figure (nos. 1a and 2a), leads to the assumption that 
it is possible for two teardrop-shaped forms of australites to 
result from continued ablation in tin* waist regions of one 
dnmb-bell-shaped anstralite. lienee all teardrop-shaped forms 
are not necessarily products of constriction and separation in 
regions of dumb-bells during rotation, as advocated by Fenner 
(1924. figure 2, p. (>•">). The evidence provided by souk* of tin* 
smaller teardrop-shaped australites could well be interpreted in 
terms of the effects of surface fusion and ablation of thin melted 
films on cold glassy bodies <lnring the noil-rotational end (i.e. 
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atmospheric) phase of 1 lie earthward (light of solid dumb-bell- 
shaped australites. Larger teardrops. however, provide evidence 
of probably having (Mitered the earth's atmosphere as already 
well-developed teardrop-shaped bodies of glass, produced as 
such from dumb-bells during the phase of development of the 
primary forms as rotating, completely molten glassy bodies in an 
extra-terrestrial environment. 


The relationship between the arrangement of How ridges and 
tlu; trends of flow lines on the anterior surfaces of the How-ridged 
australites, is of considerable significance to any postulate 
seeking a solution as to whether or not australites rotated 
through the earth’s atmosphere during the period when their 
secondarily developed anterior surfaces were under production. 
At the outset, this relationship is regarded herein in its simplest 
form, so that any minor irregularities and complexities due to 
interference of How line trends, such as slight inhomogeneities 
in the glass itself, or tlu* encountering of small internal bubbles 
at various levels of the ablation process, have been purposely 
overlooked in making generalizations concerning the relationships 
between How ridges and flow lines on anterior surfaces. 
It can be observed on the anterior surfaces ol many 
australites (e.g. E755, E7(>0, E8of>, ES37, E92(>, E97J, 
E1025, E10I0), that such fine flow lines as are present, cut 
right across the How ridges without any displacement in trend, 
no matter whether the How ridges are concentric or spiral. 
These fine flow lines mainly arise in the front polar regions of 
anterior surfaces, and tend to radiate out towards the equatorial 
edge of each form. The flow lines are thus at right angles to the 
How ridges on the curved anterior surfaces; they are never 
parallel with them, nor do they anywhere appear obliquely 
tangential to the How ridges. If rotation had occurred during 
the period of formation of the How ridges, then the flow lines, 
more particularly than the How ridges, would be expected to 
show spiral trends. None of the How line patterns on anterior 
surfaces show any tendency whatsoever to he spiral in 
arrangement. 'This fad provides an additional pointer to the 
probability that australites did not of necessity rotate throughout 
the whole period of their transit through the earth’s atmosphere. 
The formation of How ridges and associated radial How line 
trends, and tin* intimate 1 connection between flow ridges and 


tlauge-buildiug processes, thus seem to be manifestations of the 


l^V 

nature of the 


movemeul of thin lilms of secondarily molted glass 
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imdci: the inllnenee of frontal pressure and drag, acting on the 
outwardly curved forward surfaces of non-rotating bodies of 
australite glass. 


Flo iv Lines. 

'Idle flow-line directions of australite glass are made evident 
on the surfaces of different forms by the presence of fine, narrow, 
thread-like streaks and channels, in most parts accentuated by 
natural etching. Flow-line patterns also become well-marked 
on naturally etched fracture fragments of anstralites. In thin 
sections of anstralites, the flow lines are pronounced under certain 
conditions of lighting, as long, slender streaks of glass which 
have slightly different refractive index values to neighbouring 
glass, and in parts show strain polarization. 

The patterns formed by the Mow lines arc variable and 
remarkably complex within the body portions of anstralites 
( Plate V, figures 2<i and 27). Within the Jlanges, they are 
usually arranged in spiral fashion (set 1 I laker, 1944, Plates I 
to III), and often show puckered complications in tin* chin 
regions due to the jamming and contortion of warmer glass 
moving in against cooler glass (of. Ilaker, 1944, Plate II. 
figures 2, 2, b, (i and 7). Some of these flow-line patterns in 
flanges are quite clearly d(‘fined on several naturally etched 
flange fragments from the Xirranda Strewnfield. 

On the external surfaces of lion-fractured anstralites, 
flow-line directions trend radially outwards from the front pole 
on anterior surfaces. They are concentric on the posterior 
surfaces of flanges (of. text figure lb), and also on the neck 
surfaces of flanges, where they represent the outcrops of the 
internal spiral and puckered flow lines. Flow lines are not 
characteristic features of the posterior surfaces of body portions, 
unless abrasion, followed by prolonged natural etching, has 
removed the outer primary surface and thus exposed lower 
layers of the interior. Flow-line patterns generated in this way 
usually reveal the complexity of the internal flow-line structures. 
A few of the Xirranda Strewnfield anstralites (e.g. reg. no. 
F1022), like certain anstralites from other strewnfields, possess 
occasional smoother, lion-pitted, circular to ovate swirls that 
reveal irregular spiral flow-lining (Plate III, figure lb). Those 
swirls are surrounded by the characteristically bubble-pitted 
regions of posterior surfaces. They are evidently areas of the 
primary surface that escaped boiling or gas accumulation, and 
probably represent rather more viscous portions of molten glass 
that became swirled about in a quite local vortex motion. 
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The internal flow-line pattern of an australite button is 
shown diagrammat ieally in text figure la. in order to bring out 
the relationship of the complexities ot tin* interior compared 
with the more simplified patterns on the outside surface. 
Portion of 1 he posterior ami node surfaces of the fiance have 
been included to show these relationships tor the fiance in 
particular. The terms “ chin,” " neck ” and ” seat ” employed 
in text figure lb, have been described elsewhere (Baker, 1944, 

p. 8). 



l 


FIGURE 15, 

Diagrammatic representation of a vertical section taken between the polar plane 
and the equatorial region of a flanged australite button. Arrow indicates direction 
of propagation through the earth’s atmosphere. 

The complex character of the primary internal flow 
structures is indicated in the body or core portion in text figure 
lb, and shown in greater detail in Plate \ 1, figure 28. 1 here 

is a tendency on the posterior portion of the body for (low lines 
to indicate streaming towards the bases of bubble pits, whereas 
ihe complex internal flow-line pattern is frequently cut ott 
abrnptlv bv the secondarily developed flow lines and flow 
troughs' of the anterior surface porlions. The outermost thin 
film of australite glass on the anterior surface, shows a trend 
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of secondary (low lines away from the front polar regions towards 
equatorial regions where the flange is Imilt up; this trend of 
Ho\v lines is best observed in the partially ablated ** seat 
regions. 

A most characteristic and significant feature of the internal 
flow lines of the flange is the generally coiled or spiral pattern. 

I lie outcrops of these How lines on the posterior and neck 
surfaces of tin 1 flange, generally provide concentric flow-line 
patterns, irrespective of shape group, so that these external 
flow lines are parallel to the outer (and inner) edges of flanges, 
which themselves are parallel to the outline of the form to which 
they are attached in any particular shape group. 

The plane spiral character of the internal How linos of any 
one flange is maintained all round tin* Hange—no matter in 
which position a vertical radial section is made through a Hange, 
this spiral character remains evident, with only minor variations 
from place to place in one and the same Hange. This fact, 
added to the concentric nature of those flow lines on the external 
surfaces of the flange, indicates that t Ik* Hange structures have 
been formed by the streaming in and over of glass secondarily 
melted from the front pole (i.e. from the region of the arrow in 
text figure la), and forced under pressure towards equatorial 
regions. 

Boundary layer How in the medium (earth's atmosphere) 
111 rough which tin* anstralites had a supersonic trajectory, is 
considered to have boon partly responsible for the structures of 
anterior surfaces of body and Hange. When* the boundary layers 
separated from contact with the object, at the outermost edge 
of the Hange, turbulence was created (Vf. Plate VI, Hgurc 28), 
with the development of eddy currents in the low pressure region 
immediately behind tin* Hange. These eddy currents arc regarded 
as being responsible for shaping the cooling flange glass into 
tin 1 form we know it, and they probably account for the 
generally smooth nature and often slightly concave character 
of the posterior surfaces of Hanges. Here again, it seems 
unnecessary to invoke rapid spinning about a vertical axis, 
to account for the development of these particular secondary 
features of anstralites. In fact, it is more 1 than likely that the 
spirally coiled annular hand of glass constituting a Hange would 
not reveal the structures present if rotation had occurred 
throughout flange-building. Moreover, during rotation, liquid 
glass should largely have been thrown off by centrifugal forces, 
and thus be unavailable for extensive Hange formation. 


NIRRANDA STREWNFIELD AUSTRAL1TES 


no 


Internal How lines constitute the major internal structures 
of anstralites (ef. Plate V. figures 2(> and 27). Associated with 
them are less common features such as small internal hubbies, 
larger internal bubbles (Plate II, figure 11) and rare, minute 
lecliatelierite particles. Whore drawn-out, the lechatelierite 
particles contribute to the flow streaks in australite glass, and 
where exceedingly drawn-out, small bubbles do likewise, while 
the larger internal bubbles cut directly across the internal How 
structures (cf. Baker, 1944, Plate I, figure 12). These features 
have been dealt with in some detail elsewhere (cf. Barnes, 1940, 
Baker. 1944), and studies of similar features in the Nirranda 
Strewnfield anstralites bear out the conclusions drawn from 
these earlier studies. 


(rfoorcs. 

The groove's on the surfaces of anstralites have been 


referred to earlier, in connexion with the control they exert in 
the process of fragmentation of anstralites. I he origin of 
these grooves on tektites generally has been the subject for much 
debate, and the deeper grooves and channels have been variously 
referred to in tektite literature as “ bubble grooves ", 
“ bubble tracks ", “ saw-marks ", “ saw-cuts ", “ knife-marks ", 
“ cannelures ", " canals ", “ How-grooves ", u gonttieres 

“ gutters “ furrows ", " open channels ", and “ crevasses." 


The evidence for the origin of these grooves in the Xirranda 
Ntrewnfield anstralites points to development by natural ('telling 
along How-line directions (he. mostly along linos of strain). 
Shallow channels are at first developed, and with progressive 
etching, aided by diurnal temperature changes and the effects 
of differential expansion and contraction of foreign materials 
that become lodged in those channels, occasionally resulting in 
the spalling away of narrow slivers of australite glass from the 
walls, the grooves thus become widened and deepened. Those 
grooves are thus fundamentally " flow-grooves." inasmuch as 
flow-lino directions in the australite glass control the positions 
of their initiation. Along the flow-line directions 1 Ik* australite 
glass is more siliceous, as evidenced from optical characteristics, 
and hence it is more readily dissolved out by 1 Ik* etching solutions 
in soils. (fceasimially, the flow-line directions are marked by 
associated strings of small bubbles; lliese would provide* sites 
for the lodgment of small quantities of etching solutions, and 
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tlie resulting; grooves Ikivc ;i segmented appearance. A few 
grooves seem to have been single bubbles, now drawn-out into 
very long slender shapes; such types are more typical of the 
tails ” of teardrop-shaped anstralit< l s. 

Not all tin 1 grooves on the surface's of anstralites follow 
(low-line directions. Some represent the positions of original 
tine fracture lines that ent rigid across (low-line directions, and 
have evidently been deepened and widened by etching; How-line 
patterns continue on either side of such grooves, with no 
apparent displacement. The bottoms of most grooves are 
generally smooth and rounded downwards, so that in cross- 
sectional aspect, they are deeply T-shaped. Some of the 
grooves on the Xirranda Strewnfield anstralites, however, tend 
to bo more or loss flat at the bottom, and in rare examples they 
tend to be convex upwards (o.g. in rog. no. KKKVi). 

Some of the grooves pass inwards from the exterior of 
certain specimens for as much as To ems., and as deeply as 0-5 
mm. from the surface. Sometimes they extend superficially 
from the equatorial edge to the front polar regions of anterior 
surfaces (Plate 11, figure 9), in radial fashion, and 1 hns parallel 
the general directions of the radial How lines. The fine sand and 
clay constituents that invariably become wedged into the grooves 
are sometimes loose and incoherent, but in some grooves (and 
occasionally in some bubble pits on posterior surfaces, and in 
the gap betwen flange and body of Hanged forms) these 
constituents have become firmly cemented in place and 
compacted by siliceous and iron hydroxide cementing materials. 
The fine sand and clay constituents match those of the soils in 
which the anstralites were embedded, and so are terrestrial 
products in no way connected with tin* origin of australite 
glass. 


OPTICAL P.ROP KOTIKS 

Complete or nearly complete anstralites, and the larger of 
the fragments are pitch-black in colour, but thin fragments are 
translucent and brownish-green in colour when held up to a 
light. 

The ghtss comprising the Xirranda Strewnfield anstralites, 
is pale yellowish-green in colour as observed in thin sections. 
It is practically isotropic under crossed nicols of the petrological 
microscope, except for minor streaks along some How-line 
directions. Those streaks exhibit very limited and weak 
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hi refringence, and the fact that extinction is seen in places to lx* 
distinctly undnlose. more particularly with the aid of a sensitive 
tint plate, indicates a certain amount of strain in parts of the 
ylass. 

No crystallites or allied bodies have been observed in thin 
sections under the petrological microscope, and no opaque 
minerals are revealed in polished surfaces examined under the 
reflection microscope. Apart from internal flow lines with 
slightly variable refractive index values compared to the rest 
of the glass (IMate V, figures 2b and 27). the only other features 
of thin sections of the glass are rare, minute gas bubbles, and 
even more rare partially drawn-ont lechatelierite particles. 
Only two of the Xirranda Strewnfield anstralites, however, were 
sliced for tie* preparation of thin sections, but these.reveal 
little difference to some throe dozen thin sections of Port 
Campbell Strewnfield anstralites, as far as colour, internal 
How lines, lack of inclusions apart from lochatoliorito particles, 
general isotropism and the presence of a few small gas bubbles 
are concerned. 

Refractive index measurements of tin* glass of three 
Xirranda Strewnfield anstralites used for chemical analysis show 
a range from 1-bll to l-bpi, compared to a range of l-old to 
1 .Dio for those of three chemically analysed Port Campbell 
Strewnfield anstralites. Inasmuch as these throe Xirranda 
examples have slightly lower refractive index values, it is to 
be expected from Spencer’s (1!K>9, p. 42->) observations that as 
SiO, increases in natural glasses, specific gravity and .refractive 
index decrease, then they should be a little more acidic than the 
Port Campbell examples. Table VIII shows these relationships 
between SiO,. specific gravity and refractive index lor anstralite 
glass from the two sirewnfields, with SiO, -specific gravity 
relationships for an analysed specimen from Peterborough added 
for comparison. 

The Xirranda examples are more acidic than those selected 
for analysis from Pori Campbell, and the trend noted by 
Spencer Mho!)) for other natural glasses is again evident from 
Table VI II. for the specific gravity and refractive.index, values 
are lower for a greater SiO.- content. Although its refractive 
index value is unknown, a similar trend is indicated b\ the 
specific gravitv SiO, relationships for tin* Peterborough 
example, where the specific gravily is even lower for a slid 
higher SiO control. In the field, the most acidic anstralite 
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I l'nm ili(>s(‘ three localities, occurred in an intermediate position. 
Peterborough being approximately midway bclwt'cii the sitcs 
o( greatest a list ralite concentration in 1 1m* Xirranda and Port 
( atnpbell Strewnfields respectively. These examples therefore 

TABLE VIII. 



Xirranda 

1 ’el erla>r*)l|g|i, 

Port < amplioll 


MreunllHd. 

Mre\i nfiild* 

Si( ) 2 content 

7d*i)() 

71) -d 1 

71 -r. 2 

Specific gravity in the powdered form 

(at IS (\) 

2-30S 

2-370 

2-127 

Refractive Index 

I •:>! I to 
i 

* 

l -r>]:3 to 

l -did 


* No material available for determination, and refractive index value not given 
in the literature (Summers. 1913). 


do not show the trend of provincial distribution of anstralites 
that is evident across the Australian continent (Summers. 1909. 
]). 497, linker and Porster, 1949, p. 994). However, this is not 
very significant in itself, when it is remembered that the three 
examples illustrated above arc* from a relatively small area only 
2b miles Ion” - . Such an area constitutes bill a very small portion 
oi the vast Australian Strewntield. where generalizations 
concerning provincial distribution according - to chemical 
composition, refer to a length of souk 1 2.000 miles across the 
continent, and an area of approximately 2.000.000 square miles. 

C1IKMICAH COMPOSITION 

Approximately b grams of anstralite glass from the 
Stanhope's I lay locality in the Xirranda Strewntield were 
chosen to include the flange portion and body portion of button- 
shaped anstralites. \\ ith this end in view, seven fragments were 
selected- three button core fragments, two flange fragments, 
one fragment representing half a button core without flange, 
and one button fragment with flange remnants attached. These 
represent registered nos. 1x740. K742. 1x70b. K709. 1x822. 1x824 
and 1x892 in the National Museum Collection. Melbourne. All 
11 k* material was list'd in chemical analysis and refractive index 
determinations. The specimens were carefully freed of all 
extraneous foreign material prior to crushing for analysis. 
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For comparison, similarly selected material from the Locli 
Ard (Jorge area, south-east of Port Campbell township, was 
treated in like manner. The chemical analyses were carried out 
by Mr. (J. C. Carlos. The results are set out in Table IX, 
together with an earlier analysis til an anstralite (shape not 
stated) from (birdie's Inlet, Peterborough. 


Si().> 

Alib 

Ki'oOo 

Fob 

MgO 

CaO 

Xa,,(> 

K .,0 

II./) (+) 
11,0 ( ) 
TiO., 

MnO 

Li.,0 

I 

CO., 

SO., 

Cl, 

XiO 

11a 0 
CoO 


'I'otal 


Sp. <.i*. powder 


TABLE IX. 


1. 

1 

2. 

3. 

1 

75*90 

71-62 

79-51 

10*83 

13*08 

10*50 

1*48 

0*85 

0*00 

1 -07 

1 * 90 

3 11 

1 12 

2*15 

1 • 35 

2*91 

3*24 

l *48 

0-92 

0-98 

0*91 

1 • 09 

1 -90 

1*25 

0-11 

0- 10 

0- 19 

Xil 

Xil 

Xil 

()•(»() 

0-53 

0*03 

0-00 

0-05 

0*00 



si. tl*. 

Xil 

Xil 

Xil 

Nil 

Xil 

Nil 

Xil 

Xil 

Xil 

Xil 

Xil 

Xil 



Xil 



Xil 



Xil 

100*02 

100*00 

99 • 05 


2-308 2-127 2-370 


loll to 1*513 to 
1 -513 1 -515 


1. Australitc glass from north-east corner of Stanhope’s Bay. 13 miles south¬ 
east of Warrnambool. South-western Victoria. (Anal. G. C. Cailos.) 

2 . Australitc glass from Loch Ard Gorge district. -1& miles south-east of Port 
Campbell. South-western Victoria. (Anal. G. C. Carlos.) 

3 Australitc glass from Curdie’s Inlet, Peterborough. South-western Victoria. 
(Anal. G. A. Ampt. see Summers, 1913. p. 190.) 
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Principal variation in the australite glass analysed from the 
ahoy<' three loealities (see Table IX) in South-western Yietoria, 
is in the silica, content, that for the Xirranda Slrewnfield 
anstralite glass (i.e. Stanhope’s Hay analysis) being intermediate 
in amount to those for the Port Campbell and Peterborough 
examples. r l’otal iron is a little variable, likewise llu* state of 
oxidation of the iron, lame, magnesia, alumina and the alkalies, 
show little variation from example to example, while the oxides 
of the minor elements are equally low in the three analyses. 


CUKYATCRH 

1 


AND RKRATIOXKIIIPS OK 
VXD POSTERIOR SCR HACKS 


AXTKRIOR 


Australites have a symmetry un-matched among the various 
components of the several tektite strewnfields of the world, 
and so far little has been done to determine the nature and 
relationships of the curvature of their two distinct surfaces— 
posterior (rear) and anterior (forward) surfaces—separated 
from each other by flanges in certain forms (e.g. buttons, some 
ovals, A r e.), rims in some forms (e.g. lenses) and flaked equatorial 
zones ( date 1 11, figures 18 and l(i) in other forms (e.g. cores). 
An elementary approach is made herein to the study of the 
geometry of australites, in order to illustrate variability in the 
curvatures of the two different surfaces and to indicate their 
probable relationships to the primary forms from which tin* 
shapes of australites were derived. 


The Xirranda Strewnflehl provides a satisfactory number 
of australites, in a fair state of preservation, for the 
determination of the radii of curvature and the nature of the 
arcs of curvature of posterior and anterior surfaces of various 
forms in the different shape groups. 


The results obtained from radius of curvature determinations 
for these two surfaces have been compared (i) one against the 
other (text figure IS), (ii) for the different shape groups (see 
'Table X), and also (iii) for their relationships to diameter 
and depth (text figures 28 1o 2(> and 'Table XI) mainly for the 
round forms of australites. 


Method of Obtaining / . 1 res and Radii of Curvature. 

'The method of obtaining the arcs and radii of curvature 
of both posterior and anterior surfaces of sufficiently well- 
preserved australites involved the use of silhouette tracings of 


116 


NIRRANDA STREWNFI K LD AUSTRAL1TES 


tlio various forms. This motliod was found to I hi (juivktu* and 
more suitable than using- a spheromete'r, because of the slight 
natural irregularities dm* to bubble pits, »£r. on most ot tin* 
curved posterior surface's of anstralites. and to How ridges on 
most curved anterior surfaces. 

Karh australite was monnte'el with plastieeni* on a glass slip 
in the manner illustrated by text figure' It). 



I 

i 

I O M M. 


FIC.UKK 10. 

Sketch of button-shaped australite mounted in position for deriving curvature 
of anterior and posterior surfaces. 
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n list ml it (‘ was adjusted iu tlu* Ihvihi of lit^Iil fr<uu a 
projector so that 1 Ik* plane miitainin^ its <li;iiiiut<T was, as ii(‘ai* 
as could Ik> arrange “el hv ewe*. parallel with 1 Ik* elirevt ion of 1 Ik* 
Ih‘;uii. Kadi spediiuai was placed iu tuni at the focal point of 
th<‘ projector lenses, and the image- thrown on to a mirror set at 
do , and tluMKa* down on to the working hcncli. After iraedug 
th(‘ silhouette in a convenient size (xd-7d), and smoothing out 
minor irregularities caused hy the presence' of Imhhle pits and 
How ridges, each australile was rotated to the do and <M) 
positions, when it was found, for Imttons, h'lises and round cores, 
that tlu* silhouettes in these positions matched almost exaotlv 
tlu* original tracing. Phis indicates the maintenance of a similar 
degree of curvature over any oik* particular surface', and shows 
that hotli the poste'rior and the 1 ante'rior snrfae'e's each form 
portiems e>f diltere'iit he'iuisphe'rirnl surface's. 

hor ele>ligate* australite's such as ovals, boats, and canoe's, Iwet 
eliflerent silhonetle tracings (cf. text figure' 20) were' ohtaiue'el fe>r 
two positions at right angle's, correspemding te» the' ma.je>r and 
minor diameters e>t‘ t lit' forms. One tracing therefore' corresponels 
to the outline of a sevtiem taken in a plane' at right angle's te> the' 
inajetr eliameter anel containing the minor eliame'ter anel the depth, 
and the 1 either e*orresponels to the' outline' of a se'etiem take'll in a 
plane at right angles to the* minor eliame'ter and containing the 1 
major diameter and the 1 eleptli. 'Pile* major diame'te'r is hereafter 
refe*rred te» as the' length, and the* minor eliameter as the- width 
of the elongateel australite's. 

For the dmuh-hell and tearelrop-sha]>ed australite's, onlv ihe 
silhouette outlines of euel-on aspects we're trae-eel, i.e. corre's- 
poneling to the' outline of a section takem in a plane at right angle's 
to the length and containing the maximum width and maxinmm 
elepth e>f the' hnlhous portions of tlie'se forms. 

For each aiv of curvature ohtaiue'el in this wav for 
liotli the' ante'rior and posteriew sui'faces of 2Id australite's 
from the' Xirranda Strewnfiedd, tlnve' chords were con- 
struede'el, hise'cte'el, and imrmals drawn through the' miel- 
peiints. Me>st e>f tlie'se* piwiele'd three* point inte*rse*cl ions, 
some slmwe'd a small triangle of error. With the* inter¬ 
red ions as l oci, e-emsi ructe'd edivies were superpose'd upon eaedi 
arc of eairvaturo obtained from the 1 silhoue'tte's, and in 
most tlie-re was pe'rfect e-emcorelane-e, in a fe*w. minor <h'])artures 
oevurreel towarels the eelgcs—i.e. in the* eepiatorial regions where' 
the anterior surfaevs of some' flange's em Hange'el forms, were,' 
slightly flattened over a minor portion of ihe arc of curvature' 
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The arcs of curvature of the two surfaces of almost all of these 
anstralites, are themselves minor ares of curvature, seldom being 
more than 30 ]>er cent, of complete circles in round forms, 45 per 
cent, in end -011 aspects of ovals, boats, canoes, dumb-bells and 
teardrops, and only 25 per cent, and less in side aspects of the 
elongate anstralites such as boats and canoes. The possibility 
therefore exists that some of the arcs of curvature among round 
forms of anstralites could correspond to certain parts of the 
arcs of curvature of ellipses rather than of circles (cf. text figure 
21); in other words, some forms, especially the elongate forms, 
have evidently been derived from spheroids of revolution (text 
figures 2.1 and 32). and not all from spheres (text figure 80). 

From the nature of the ares of curvature for anstralites 
most likely to have been derived originally from spheres, it is 
evident that any vertical section cutting through the anterior 
surface, through the posterior surface and through the 


N 



,_ 5mm 

FIGURE 17. 

Sketch illustrating nature of planes in a round-form of australite, where the 
anterior and posterior surfaces form the minor arcs of two intersecting eoaxal 
circles. 

equatorial regions of those round forms (\ a \ forms that are 
circular in plan aspect), will show the curvatures of the 
anterior and posterior surfaces as the minor ares of two 
intersecting, virtually eoaxal circles (see text figure IT). 
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()nly radial sections passing through tin* front pole (Al in 
text figure 17) and hark pole (X in text figure 17), will provide 
a true measure of the maximum depth and diameter values 
(i.e. NAI and KL respectively in text figure 17). The plane 
KNLAI in text figure 17 is one such radial section; the plane 
containing NAI is another. All vertical sections parallel to the 
plane containing NAI will have a generally similar shape, hut 
will he of smaller size, and hence will not give true measures 
of the depth and diameter values. The horizontal plane 
containing the radical line l\L (plane shown as solid hlaek in 
text figure 17) is of circular outline, similarly all other parallel 
(but smaller) pianos above and below this plane. The arc of 
curvature KNL never does, and KAIL seldom does, reach a stage 
in australites where they represent sections through tin* entire 
arc of curvature of a hemisphere. Only in rare examples of 
complete buttons do the anterior surface's approach a hemisphere 
in size, and only in the very rare round hollow forms (rf. text 
figure 33 r) do posterior and anterior surface's each approaedi 
hemispherical dimensions. 


It<t(Hi of ( 'tiroot lire Values. 

The ranges of the measured value's of the radii of e-urvature* 
of anterior and posterien* surfaces tor the different shape groups 
among the Nirranda Strewnfield australites, are slmwn in Table 
X. The two different radii of curvature are connoteel by the' 
symbeils Rf and Rb respectively. Rf represents the radius of 
curvature of the secondarily developed front (anterior) surface, 
wliile Rb represents the radius of e-urvature of the back 
(posterior) surface which is regarded herein as a remnant of 
the original primary surface. 


In I able X, tin 1 values for Rf and Rb an* given to the 
nearest 0-1 mm., and have been derived by dividing the values 
obtained on measurement of the enlarged silhouette diagrams 
by the reduction factor 3-7f). The infinity sign in Table X 
refers to forms that possess almost fiat surfaces in certain 
aspects, and there are only a few such forms. The T.S. heading 
to some columns in Table X refers to values determined from 
silhouettes obtained normal to the length and parallel to the 
depth and width measurements of elongate forms, while L.S. 
refers to those determined parallel to the length and depth and 
normal to width measurements of elongate forms. AVhere the 
ranges in Rf and Rb are set out in the L.S. columns in Table X, 
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ll)c numbers ot measurements ])ossil)l(‘ were limited by employing 
fragments that jiave satisfactory measurements for the T.S. 
value's only. lienee ( a) refers to L.S. measurements obtainable 



FIGURE 18. 

Scattei diagiam showing radius of curvature values for anterior and posterior 
surfaces of Nirranda Slrewnfiekl australites. 


jrum seven specimens only. ( h ) to four specimens, (r) 1o two 
specimens, (d) to three specimens, (r) to ten specimens, (f) to 
loiirleen specimens. (</) to two specimens, and (li) to’ one 
specimen only. 
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Iii each group, the greatest percentage of forms have Kf 
greater than Kb. Forms with Kf and Kb the same in value, are in 
the minority, those with Kf less than Kb are intermediary in 
number. This relationship is further brought out in the scatter 
diagram shown in text figure IS. where the Kf and Kb values for 
individual australites have been plotted to the nearest 0-25 nun. 


A few higher values for Kf and Kb lie outside the scatter 
diagram shown in text figure 18. These are values for forms 
with (i) Kf = 30 nun and Kb — 30 nun., (ii) Kf = 25*5 nun. 
and Kb =31 o mm., (iii) Kb = SI mm., and (iv) one or two 
forms having almost flat primary surfaces, so that Kb values 
are infinite and may thus be regarded as parts of the arc of 
curvature of spheres having infinite radius, whose centres are 
at infinity on the axes, or else parts of flattened spheroids of 
revolution. 


Except in the Hat-topped forms, the values for Kf and Kb 
do not vary widely from shape group to shape group. End-on 
aspects of dumb-bells and teardrops naturally provide the lowest 
radii of curvature values, while the greatest values are found in 
the largest of the cores and the larger of the hollow forms. 
Intermediary values as for buttons, lenses and ovals show no 
particularly significant variations. The small variations that 
do exist are functions of the sizes of the primary forms from 
which these secondary shapes were derived, as far as the Kb 
values are concerned, and the degree of ablation suffered, as far 
as the Kf values are concerned. 


1 lie fact that sometimes the Kf value of any particular 
anstralite is greater than its Kb value simply reflects the Hatter 
aic of cun ature of the anterior surface, and the development 
of a Hatter arc of curvature for anterior surfaces is only to be 
expected with ablation of the original hemispherical front 
surfaces of the majority of the forms. 


k/fwls of Uf — Hb Variations, 

The effect of having (i) Kf less than Kb. (ii) Kf equal to 
Kb, and (iii) Kf greater than Kb is illustrated diagrannnatieallv 
in text figure 19. 


In text figure 19. diagrams A. 15 and (’ are typical of the 
cross sectional aspects of australites that are circular in plan 
the sections being taken through the back (X) and front (M) 
poles of the objects. X.M represents the depth of each form, KL 
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the <1 ianK‘t(‘i% and () lli(‘ point of intersedion of XM and KL. 
KNI i is tho arc of curvature of the hack surface and KMh that 
of the front surface* in each diagram. 


5 mm. 


N 



N 


B 


,M 


FRONT SURFACf 



c 


N 



FIGURE 19. 

Sections through australites showing in outline the relationships of varying 
curvature of posterior and anterior surfaces. 
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Depending upon the depths of the australites and tlie points 
of intersection of the two varying arcs of curvature for posterior 
and anterior surfaces respectively, the radical line (the line 
joining the points of intersection of the two coaxal circles of 
which the two arcs of curvature an* part) will he nearer to or 
further from tlx* front poles of australites, as indicated in text 
figure 19. 

When 1 vr is grealer than KB. the sectional aspect is that of 
diagram (' (text figure 19), where the front surface is somewhat 
flatter. () is nearer to the front pole (M). and less ablation has 
occurred than in either of Ihe examples represented by diagrams 
A and I) (text figure 1!)). In this example (diagram (text 
figure 19) and in the one represented by diagram A (text figure 
19), the horizontal plane containing Kb is no longer a plane of 
symmetry, but XXI is. 

With Hn greater in value than Rr (text figure 19, diagram 
A), the are of curvature of the rear surface is the flatter, O is 
nearer the hack pole (X), and considerable ablation has occurred 
on a primary sphere that originally had a somewhat greater 
diameter than is represented in diagram (’ (text figure 19). In 
tlu *se and practically all other round forms of australites 
there has been maintenance of symmetrically curved surfaces 
throughout the processes of ablation producing the secondary 
shapes. Various stages occur between those represented by 
examples depicted in diagrams A and (' (text figure 19); the 
example illustrated in diagram P> represents the average 
relationship. The series indicates that at the outset Ihe trend 
in primary spheres, on ablation, is for the radius of curvature 
<d tlu* front surface to increase, and hence for this surface to 
become flatter in its are of curvature compared to that of the 
unaltering hack surface. This condition holds until the average 
relationship (diagram !>, text figure 19) is reached, but there¬ 
after. as Rr decreases with respect to Rr, the arc of curvature 
of the front surface sometimes, hut not always, becomes steeper 
compared with that of the hack surface, evidently because of 
greater ablation in equatorial than in front polar regions, at the 
smaller sizes. 


Ihe cross sectional aspects of such types of australites are 
equivalent to the silhouettes utilized in determining the radii 
of curvature and. in them, the outlines represent tin* shapes 
produced by 1 wo intersecting circles. The line joining tlu* points 
of intersection, i.c. the radical line, is a common chord to both 
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Mich's mid re presei i1 s the (I i,•nuclei' of aust ralites. In t Ik* 
majority of examples it lias been found by const met ion that 
tlu* line joining the centres of the two interse -ting circles is 
perpendicular to the radical axis, hence the two centres are 
eolhnenr and the circles are thus coaxal circles. It also follows 
1 'at this perpendicular line where it intersects the front and 
rear poles of each anstralite provides a measure of the true 
'U-pth ol the form. Such relationships indicate tlial most 
<instiantes maintained a relatively slahle position throughout 

1,1(1 l ,(>1 ‘ io(l ol ‘ Iransit 1 h rough the earth’s at.sphere. In verv 

lew examples the two intersecting circles are not quite coaxal 
and forms represented hy this relationship evidently mav have 
contracted a sliglil wohhle from hulTeting effects during rapid 
forward propagation. 


depth values (\M) of these australiles varv according 
1o {«) the values for I lv and Ub in each particular form, and 
yO tl'<‘ proximity of the centres of the intersecting circles to () 
in text figure Iff. This, again, is nltiinatelv a function of ihe 
degree of ablation to which any particular original sphere of 
australile glass was subjected. 

W hen lx k and Ixii are equal, the two arcs of curvature are 
Ihe same and () is equidistant from the hack and fronl poles 
(see diagram 15, text figure 19). The outline of the form in 
sectional aspect is then that of a biconvex lens having one plane 
(horizontal plane) of symmetry along I\ L. and radial svinnielrv 
through ,V\I for the round (in plan aspect) forms of australites. 

^ hen two (or more) comparable forms have the same Kb 
and the same diameter they most often have different dentil 
v ; lues * Heilce t,ieil ' values differ, and the arc of curvature 
of one front surface is either flatter or steeper than in the other 
form (or forms), indicating variations in degree of ablation of 
two originally similar primary spheres of anstralite glass. 

( (inversely, when two for more) forms have the same Ifr 
values and the same diameler. but different l*u and depth values 

the arc ol curvature of .* hack surface is Halter than that of 

Ihe other, indicating two originally dissimilar sizes of anstralite 
glass spheres In order to produce similar arcs of curvature of 
Ihe two front surfaces Irom two original spheres of different 
diameter, one sphere must have been subjected to greater decree* 
ol a * ;, 1 10,1 llla » > l "‘ "Iher. and this can have co„.e about % 
consequence of slight differences in the time of transit thromd. 
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the earth's atmosphere, arising from different angles of traverse, 
so that one, in effort, travelled through a greater thiekness of 
atmosphere than the ot her. 

Kenner's (19:’>4. p. (_><>) statement that no two australites are 
alike in the Shaw Collection is also applicable to most known 
Victorian a list ralites. There are in the Nirranda Strewnfield 
anstralite collection, however, three lens-sha])ed forms (reg. 
nos. K8()b, K<S(>(> and KS(>7) that are almost identical in surface 
features, they have the same depth and diameter values, the Re 
and Re, values are approximately equal with a maximum 
variation from lens to lens of only 0-b mm. Differences of weight 
are up to only Ob’ grams, and in speritir gravity of up to 0• Of). 
Although therefore not identical in every respect, these three 
lenses are generally very much alike in practically all of their 
characteristics. The conclusion to he drawn from these 
observations is that several similar size spheres of anstralite 
glass were formed primarily, irrespective of slight variations 
in specific gravity, and were subjected to similar amounts of 
ablation during their supersonic flight through the earth’s 
atmosphere, producing similar secondary shapes with similar 
arcs of curvature of their forwardly-directed surfaces. 

Oval-shaped australites have a longer and a shorter diameter 
(Plate l\, figure 23), with one of those diameters a few 
millimetres longer or shorter than the other. In two positions 
at right angles there are thus two different arcs of curvature 
for each of the posterior and anterior surfaces, and there are 
two radical lines of different length, as indicated in text figure 20. 

K'W is the radical line (representing the diameter) across 
the shorter axis of the oval-shaped form sketched in text figure 
20. and KL the radical line representing the longer diameter 
for the position at right angles. The radius of curvature of the 
front surface is greater for the longer than for the shorter 
diameter, hence its arc of curvature is somewhat flatter. The 
same applies to the back surface. Two pairs of coaxal circles 
result, with the members of separate pairs in contact at the front 
and rear poles respectively, and intersecting each oilier at K 
and L for the long diameter, and at K' and 1/ for the shorter 
diameter. The sketch in text ligure 20 is of a form where Rf 
and Rii are of much the same value. There are other examples 
where Rk is greater or less than Ru but. in them, the general 
relationships of tin* curvatures of the two surfaces in the two 
positions at right angles are as depicted in text figure 20. 
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From such relationships as those it is <le<liieeil that oval- 
shaped australites were derived from spheroids of revolution 
rather than from spheres, despite' the fact that each are oi* 
eurvatnre accords with the ares of curvature of constructed 
circles. The reason for this accordance is again to he ascribed 
to the fact that the curved surfaces of these australites correspond 
with only minor arcs of such circles, just as do certain portions 
of the ares of curvature of spheroids. 

5mm. , 



M 


Y 

FIGURE 20. 

Diagrammatical representation of two sections in right-angle positions through 
an oval-shaped australite, showing variations in arcs of curvature, meeting at N 
and M respectively for a constant depth, and different lengths of the radical lines 
KL and K'L/. 


Much the same relationships exist for boat- and canoe-shaped 
australites as for oval-shaped forms, except that differences in 
length between Kl> and K'l/ (see text figure ‘20) are considerably 
increased, hence then 1 an* greater differences in the radii ot 
curvature' for each diameter of the front and back surfaces 
respectivelv. so that much Hatter curvatures result along the 
direction of the longer diameter. It is thus even more likely 
that boats and canoes wore derived from spheroids of revolution 
rather than from spheres, such spheroids being originally more 
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elongated along one axis than were the primary spheroids from 
which oval-sha])ed anstralites were derived. Some of the possible 
cross sectional aspects of these elongated specimens of anstralites 
are shown in a cross section through a spheroid of revolution in 
text figure ‘21. 



FIGURE 21. 

Cross sections of elongate australites depicted as being derived from four 
positions of a spheroid of revolution, 


For convenience in text figure 21, four possible cross sections 
are shown in the cross section through one spheroid of revolution. 
I- indicates the forward surface for each form developed after 
ablation of the spheroid. Slightly varying cross sections would 
result for the end products by commencing with a spheroid of 
revolution of different length—breadth relationships to those 
shown in text figure 21. ( ousidered as a prolate spheroid 

traversing the earth's atmosphere at supersonic speeds, and with 
its longer axis parallel with the direction of propagation, the top 
and bottom cross scclional aspects of the final shapes produced 
(text figure 21) could well he those of some lens- and hutton- 
sliapcd anstralites, as well as of oval-shaped forms having minor 
differences between tin* longer and shorter diameters, because 
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(lie ares of curvature in these positions conform also to ilio are*, 
of ctirvntlire of small spheres ( indicated by the broken lines ot 
part circles at tin* top and hottom of 1 1 *xt lignre 21 ). as well as 
to the ares of curvature around the top and hottom poles ol the 
spheroid of revolution. 

('onsidered as an oblate spheroid, the two sections depicted 
on the left- and right-hand sides of the sketch (text lignre 21) 
conform to the longitudinal sections through boat- and canoe- 
shaped anstralites. i.e. forms which usually have a much llalter 
curvature of the posterior than of the anterior snrlace. and 
which art 1 longer than broad. Here apt in. the arc ol curvature 
of tin 1 posterior surface for each example can conform to part, 
although a very minor pari, of the arc of curvature ol a 
constructed circle (indicated by the broken lines of part circles 
on the left- and right hand sides of text lignre 21) with a greatly 
increased radius compared with that constructed around the 
front and back polos ol the spheroid itsell. 





Froquenex polx^ons for \lv and Ui? of the Xirranda Strew ntield austramct. 
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Tlie relationships between numbers measured and tile values 
resulting from measurements of Rf and Rb in button- and lens¬ 
shaped anstralites from the Xirranda Strewntield are shown in 
text figure 22. 


The frequency polygons shown in text figure 22 verify the 
observation that Re is generally greater than Rb among the 
Xirranda Strewnfield anstralites, tlie mode for Re occurring 
on the 10 mm. co-ordinate, while tlial for Rb lies on the 9 mm. 
co-ordinate. It also transpires that these modal values tally 
with a relatively common combination among button- and lens- 
shaped anstralites. i.e. many forms have Re values of 10 nun., 
and Rb values of 9 mm. 


Jiclat lonslnps <>] Dr and Dr to Depth and Diameter Values. 

The scatter diagrams shown in text figures 20 to 20 indicate 
distribution relationships as between (i) Re and diameter, (ii) 
Re and depth, (iii) Rb and diameter, and (iv) Rb and depth. 
I lie\ also provide a record of these values for each individual 
anstralite collected from the Xirranda Strewnfield for which 
such measurements could be obtained. 

1 (>.\t figure 22 shows that most of the Xirranda Strewnfield 
anstralites possess diameter values that are a little greater in 
amount than the Re value's. The same applies for Rb— diameter 
relationships shown in text figure 2a. The position is reversed 
for RE-depth (text figure 24) and RB-depth (text figure 20) 
relationships, where a greater number of forms have both the 
Re and the Rb values greater in amount than the depth values, 
although there is a somewhat larger number of individuals with 
depth values greater than Rf and Rb values than there are with 
Rf and Rb values greater than diameter values. Moreover, 
there are rather more individuals with depth values greater 
than Rb values than there are with depth values greater than Re 
\ allies. I hese relationships are expressed on a percentage basis 
in 'Fable XT. 


Del at ion ships of the Intercepts Made hi / the Dadieal Liar l' pan 
the Depth lane aj tin Xirranda Stream field Anstralites. 

The intercepts of the radical line upon the depth line of 
the Nil i undo Stiewnfield anstralites arc indicated diagram- 
matically in text figures 1!) and 20. where ihe length cut off 
between the front pole and the point of intersection of tin* radical 
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FIGURE 23. 
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FIGURE 24. 



FIGURE 25. 


FIGURE 2G. 


Scatter diagrams showing relationships of radius of curvature of anterior (Rk) 
and posterior (Ru) surfaces to diameters and depths of australitcs from the Nirranda 
Strewn held. 
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lino with tho depth lino is represented by the long-til OAI, and 
that for tho bark pole by OX. OAi and OX values therefore 
represent the distances of tho front and rear poles respectively 
from lh(‘ centre of tho radical lino for each of the anstralites 
from which the relevant information could be obtained. 

The relationships of tho measured values for OM and 0X T 
are presented in text figure 27. where* the values have been 
plotted to the nearest 0-2o mm. 



0 2 4 6 e IO 12 14 16 18 20 

ON IN MILLIMETRES 

FIGURE 27. 

Scatter diagram showing OM OX relationships for Nirranda Strewnfielri 
australites. 


A large number of the values arc clustered along the lower 
limits of the unit gradient line*, indicating that in many of the 
anstralites tin* front and hack poles are more* or less equidistant 
from the radical line and. in many, these values are low and 
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show (lifliTFiiros oi liltl(‘ more 1 Ilian 1 mm. A small number of 
lorms possess OX values that are* gre*ate*r Ilian OM values, ami 
a X'e \ersa, in 1 <*i*nis ol 11 1 <* sent ten* diagram (next figure 27). In 
th(‘in, there*! em*, a 1 <*\v ol the australite*s have a gr<*nte*r hulk of 
glass on the hack polar side of Ihe radical 1 i 11 <*. and a f*<*\v have 
the greater hulk on the front polar side. This slate of affairs 
in no way upset the stable position of Might of anstrabies ihremgh 
the earth s atmosphere. The greater number of forms, in which 
OAI and ON are equal or almost so, possess similar amounts of 
glass oil either side of the radical lino. This is only a 
generalization, however, as can be gathered from inspection of 
I able XI, where the percentage calculations are based on values 
taken to the nearest 0*1 mm. 


Ihe relationships of O.M and OX throughout are funda¬ 
mentally controlled by the radius of curvature of the front 
surface compared with that of (he hack surface. In addition, 
since the arcs of curvature of these two surfaces represent minor 
ares of coaxul circles, they are also controlled by the positions 
of intersection of the two surfaces in the equatorial regions of 
the australites; in other words, the distance apart of the centres 
of the eoaxal circles. 


K.xtrente examples where' O.M : OX :: 2 : 1 , and where 
OX : OM :: 2 : 1 are very rare. Since 1 the intercepts OM and 
OX are intimately related to the radii of curvature I v v anel Rig 
the ratios of OM to OX anel of Rh to Rk have* been e-ah-ulated* 
and are plotted side* by side* in the freapumew polygons re*pr<‘se*n1ed 
in text figure* 28. 

The* inset diagram in 1e*xt figure* 28 provider a key te> ihe* 
measured values from wliie-h the* ratios have 1 >e*e*n de'termined. 
The ratios have beam phitteal from cahmlatiems baseal on de*te*r- 
niinations taken to the* ne*are*st 0-2o mm., and he>th the* freapiencv 
polygons reveal prominent mode's at unit ratiei. In the* calculation 
of the* ratios OM : OX, OM was retaineal at unity 1 hroughemt. 
r riie greatest numbers (8o per ea*nt.) with ratios of OM and OX 
approximating unity, cemtain most of the button- and lems-shapeel 
forms that are nieire* or less regularly lemticnlar in side* aspect, 
and which thus have the* raelwal line spae-eel apprei.ximatelv 
equidistant from the front anel hae*k ]>oh*s re>spea*1ive*lv. To Ihe 
left of the* moele <d' the I<*ft-hand freepiency pedygon in text 
figure 28 oe-e-urs the* group of the* e-ores, wherein OM is niainlv 
greater than OX. To the right of this same* mode* occurs a le*sse*r 
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number of button-, lens- and oval-shaped forms where OM is 
mainly less than ON, and such forms have slightly flatter 
posterior than anterior surfaces. 



Frequency polygons showing distribution of ratios of OM to ON, and of Rb to 
Rf for Nirranda Strewnfield australites. 


In the frequency polygon showing the relationships of 
numbers to the Kb : Rf ratio (right-hand diagram in text 
figure 28), a range in ratios of 1 0-2o to 1 3-5 is shown. Rb has 
been retained at unity. The greater number of examples occur 
on and within the immediate region of the 1-0 1-0 ratio. 



























































































NIRRANDA STREWNFIELD AUSTRALITES 


135 


TABLE XI. 


Factors Compared. 


Relationship 
of Factors. 


lVm*iita"e. 


r f -r b 


Di—Do 


Rp— Di 


R B —Di 


Rp—De 


R B —De 


OR-OX 

Rp-OM 

Rp-ON 

R b -OM 

R b -OX 


Up 

x K b 

GO- 

0 

Rk 

Rb 

8- 

■5 

Rf 

Rb 

31 ■ 

5 

l)i 

De 

]()()• 

0 

Di 

D<* 

0 

Di 

De 

0 

Rf 

Di 

2 • 

■ 5 

Rf 

Di 

2 . 

■ 5 

R k 

< J)i 

( ,)5 • 

0 

Rb 

,> Di 

9- 

5 

Kb 

Di 

1 - 

5 

Kb 

< Di 

89 • 

0 

Kp 

> De 

80- 

0 

Kp 

De 

5 • 

■0 

Kp 

< De , 

l.V 

■0 

Rb 

> De 

(>6 • 

5 

r b 

De 

5- 

0 

Rb 

De 

28- 

5 

OR 

>OX 

25- 

>0 

OR 

OX 

28- 

■0 

OR COX 

47 ■ 

-0 

Kp 

>OR 

97' 

■7 

K F 

OR 

O' 

■9 

Kp 

OR 

1 

■ i 

Rp 

OX 

100 

•0 

H f 

lOX 

0 


Rp 

COX 

0 


Rb 

>OR 

100 

•0 

Rb 

OR 

0 


Rb 

COR 

0 


Rb 

>OX 

98 

•1 

Rb 

OX 

0 


Rb 

COX , 

1 
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iudicatin**; <m| ti;i 1 or approximately equal 
the riji'ht of the inode are examples with 
of the anterior surfaces, since l»r is 
rev«‘rse applies for examples to tin* loft 


I i !•' and IxU values. To 
I la 1 ter ares of em*\'a1 lire 
creator than I»h. The 
of the mode*. 


The several related factors (n) radius of curvature of 
anterior surfaces ( Uk), (h) ratlins of ciirvatnre of post(*rior 
snrfac(*s ( Ix'b). (c) diameter (l>i), {<!) depth (Do), and (<’) tin* 
intercepts <).\l and ON*, as determined from tin* measurement 
of .just over 200 Nirranda St rownlield a list ralites, have ) H‘<‘i i 
plan'd on a pereentaco basis, uivon in summarized form in 
Table XI. 


h'rom Table XI it is seen that values for l\K and IxB arc 
mainly less than values for diameters, hut ^renter than value's 
for (h'ptlis anion,u' the secondary shapes that constitute tlu* 
aust ralite population of the Xirrauda Stri'wnlield. while 
diameters are all greater than depths. 'The radius of curvature 
(d‘ anterior surface ( Hr) is greater than that of posterior 
surface ( Kr.) in almost two-thirds of the specimens. 

The percentage of aust ralites in which the members of any 
U’iven pairs from amonu' the factors lit'. Ix’n, Di and IV art' e<|iial 
to one another is low throughout. I‘i 11 tr least (0 per cent.) in 
diameter depth relatioiiships and greatest (ST) pci- c(*nt.) in 
I x i-' lx it relationships. 

'Phe lengths of the intercepts O.M and OX, which rt'present 
distances from the ct'iitres of radical lines to tin* front (,\l ) and 
hack (X) poles id’ tin* aust ralites, show from Table XI. that, in 
approximately oue-tpiarter of tin* speciint'iis, lengths (O.M) art' 
greater than lengths (0'S). In approximately one-t|Uar1(*r of 
the specimens these two distances are equal in value, and in 
approximately one half, the distances from ct'iitres to front poles 
are less than tin* distances (OS) to hack polos. 

Doing intercepts on the depth line (cf. text I inures 1!) and 
20), the lengths (>M and OX must always he loss than IV, and 
consequently always less than Di. since Di is always greater 
than IV. Ix k is universally greater than OX and Ix’n greater 
than OM. hut Ix’u is not always greater than OX, and IxV is not 
always greater than O.M. There are. for example, 1*0 per cent, 
of tlit* Xirrauda St rewnliehl aust ralites with Du values less than 
< >X values, mid such examples are typically the hollow forms of 
a 11 st ra I i t es. I here are also ()•!) per cent, of specimens with IxK 
equal to O.M, and I I per cent. wil h IxT less than O.M. and these 
specimens are all the larger core types id* ansi ralites. 
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Oi:i(iix of the Shacks of Ai ntiiai.i tks 

I Ik* known shapes of ansiralites are secondary shapes that 
can he traced to a few lypical primary forms such as spheres 
and the forms of revolution consist inf* - of prolate spheroids, 
oblate spheroids, apioids and dumb-bells as illustrated in text 
figure 29. 



Three dimensional sketch diagrams illustrating the sphere and the characteristic 
figures of revolution that constituted the primary forms from which were produced 
the majority of the secondary shapes possessed by australites. 1 sphere, 2 prolate 
spheroid, 3 oblate spheroid, 4 - apioid, and 5 dumb-bell. 


In text figure 29, tile arrows indicate the direction of 
subsequent propagation through the earth's atmosphere, and art 1 
placed at the front poles of each form. There is no evidence 
that forms of revolution such as the annular torus and the 
paraboloid were developed as primary forms of australites. The 
sphere is possible only when there is no rotation (cf. Kerr (irant, 
1909, p. 447), the prolate spheroid is stable only at high speeds 
of rotation, while the oblate spheroid is stable only at low speeds 

S41l>.->4.—14 
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of rotation. Tin* prolate 1 and oblate 1 spheroids depicted in text 
figure -9 are biaxial ellipsoids in the sense that they have a 
longer or shorter vertical axis and equal lateral axes. Triaxial 
ellipsoids, with the lateral axes unequal, were evidently the 
primary forms from which the oval-shaped secondary forms of 
australites were developed. They would have to be produced by 
a uni-directional equatorial flattening of original prolate and 
oblate biaxial ellipsoids, possibly near tile end stages of cooling 
of the original rotating spheroids. Some, perhaps all, of the 
boat-shaped secondary shapes of australites were possibly 
generated from primary triaxial ellipsoids that were rather 
more flattened than the parent forms from which tin* oval-shaped 
secondary forms were produced. 

Approximate ranges in the original sixes of the primary 
forms, as deduced from australites figured in tektite literature 
and or examined by the writer, are set out in Table XII. 

TABLE XII. 


1 i i 11 ’ i»i \ Komis. 


Size Range 
in Millimetres, 


lo t<> r>:> 

10 x 20 to to x loo 
lo x 20 to lo X loo 
10 x 3.') to 35 x 50 
!> x 20 to 10 x lot) 

Among the spheres, tin* rare hollow examples sometimes range 
in size up to (it) or bo mm. across. Among the prolate and oblate 
spheroids, sonic forms are more equal in their axial values, so 
that instead of being originally 10 x 20 nun. in size, some of the 
primary ellipsoids were more like Id x 17 mm. in size. Other 
prolate and.oblate spheroids were rather more massive than this, 
in having dimensions such as 40 x 100 mm., but some were mure 
slender and measured in the vicinity of 10 x .10 mm. There were 
various gradations in the size and shape of the spheroids between 
the probable extremes listed above. 

In the past, it has been considered ( Kenner, 1944, p. (i.l) that 
the elongate forms of australites were derived from round forms 
by rotation in the earth's atmosphere, and that certain specimens. 


Spheres 

Prolate spheroids 
Oblate spheroids 
Apioids 
Dumb-bells 
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such as the* canoe-shaped Conus, were somewhat puzzling as far 
as their origin is conce'rne'd. The*ir origin becomes more readily 
pictured if the primary forms are regarded as spheres and as 
forms of revolution dewelopcel in an extra-lerresl rial environment, 
and if the secondary forms represented by all examples of all 
seeondary shapes that are possessi'd hy anstralites are regarded 
as tin* end re*sults of processes of ablation affecting the primary 
shapes of virtually cold bodies (except for a transient, thin, 
partially fused front skin) travelling through the earth's 
atmosphere without a spinning trajectory, but at ultra-supersonic 
sp(»eds. 

As found upon the earth's surface*, the known secondary 
shapes of anstralites art* essentially modilied versions of the 
few accepted primary forms such as spheres and primary forms 
of revolution. Il is most likely that these forms were generated 
in an extra-terrestrial rather Ilian a terrestrial environment, 
some instantaneously as spheres which rapidly cooled as such, 
others as rotating masses of molten glass that rapidly cooled to 
form spheroids, apioids and dumb-bells. Such bodies were 
evidently cold on first entering the earth's atmosphere, and the 
question of the origin of tin* secondary shapes that are possessed 
by anstralites, developed as an outcome of frontal softening in 
thin films followed by ablation, hinges on three possibilities, 
namely (i) whether they rotated through the earth’s atmosphere 
for the whole of their earthward journey, (ii) whether souk* 
forms were spinning on first entry into tin* atmosphere and 
(‘eased to spin thereafter, or (iii) whether Ihey maintained a 
relatively stable position of non-rotatory tliglil throughout tin* 
entire phase of transit through the earth’s atmosphere, with only 
slight wobbling developed in souk* specimens. 

Sima* spheres an* only possible when no rotation occurs, it 
is not likely that they started to spin on entering the earth's 
atmosphere. If still spinning on entry into the atmosphere, 
the primary forms of revolution soon ceased to do so. .Much of 
the evidence* provided by the secondary shape's and secondary 
structure's of anstralites is interpreted here'in as going a long- 
way towards indicating non-rotation while being propagated at 
high speeds over a short period of time through the earth's 
atmosphere. 

Allowing for tertiary modilicat ions brought about by 
ordinarv processes of erosion, the secondary shapes of 
anstralites as found upon the surface* of the earth, are thoughl 


140 


N1 HR AND A S'I'R KWN FIELD AUSTRALITES 


ke <>f <1 kind that can he formed from glassy bodies of 
pro-determined shape. travelling at ultra-supersonic velocities 
through a not very highly resisting medium—the earth’s 
atmosphere-—without rotating, hut subject to pressure and 
frictional heating, surface sheet melting in thin films, fusion 
stripping and ablation of their forward surfaces under the 
influence of the effects of aerodynamical flow. 

kite nature of the secondary structures such as flow ridges, 
and the flow lines that occur with them in typical associations 
indicating lion-rotational flight, has already been described (see 
text figures Id and 14), likewise the fact that flange building can 
be accounted for without invoking rotation through the 
atmosphere. There now remains to be considered the secondary 
shapes themselves in relation to their primary forms, and these 
are dealt with in descriptions of text figures )>() to d>4. 

First it should be noted that the axes of the secondary 
shapes that constitute austr.dites, are not always axes of 
symmetry like flu* axes of rotational symmetry possessed bv the 
primary forms from which they were produced. Developed as 
secondary shapes from spheres, the buttons and lenses have 
equal lateral axes and always a shorter vertical axis. The 
vertical axis is virtually an axis of rotational symmetry, but tin* 
lateral axes are not always axes of twofold symmetrv, onlv being 
so when the forms arc* regularly biconvex with bilateral symmetrv. 
Oval-shaped anstralites have unequal lateral axes and a shorter 
vertical axis. I »oat-shapod forms have a somewhat longer and a 
shorter lateral axis, and a short vertical axis that is sometimes 
equal to, more often less than, the shorter lateral axis. In these 
elongated anstralites. the vertical axis is no longer an axis of 
rotational symmetry, but is twofold. 

Dumb-bell-shaped anstralites have one longer and one 
shorter lateral axis, and a short vertical axis equal to or less 
than lilt* shorter lateral axis (i.e. omitting the waist region from 
consideration here). Among the teardrop-shaped anslralites, it 
is evident that some traversed tin* atmosphere in much the same 
way as acria I bombs, with 1 heir longer ax is pa ra 11(4 to the d irect ion 
<d propagation (of. Dakor. Pt-lb, Plate X), hence such examples 
ha\ e nidi e oi less equal lateral axes (considered as passing" 
through the swollen portions of their apioid shape), and a longer 
vertical axis. Some teardrops, however, provide evidence of 
having travelled through the atmosphere in a position that might 
appear at first to be somewhat unstable—with the longest axis 
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horizontal (cf. text figure 94c. and cf. 1 iakcr, 194<i, I ‘lair IX. 
figures 9 and 10). r riu» nature of (lie anlerior surface and of (lie 
flaked equatorial zone in such forms, poinl to this posilion of 
flight as being a stable position, otherwise these 1 secondary 
features would not have been developed in tin* positions that 
they occupy. lienee such forms art* comparable with (half) 
dumb-bells in having a longer laleral axis, a shortei 1 lateral axis, 
and a vertical axis that is shortei- than the* short lateral axis. 

The many button- and lens-shaped anstralites represented 
among the Xirranda Strewnfiehl collection evidently had Ilnur 
origin in tin 1 ablation of primary spheres (or spheroids with 
nearly equal axes), as indicated in text figure 90. 



I O MM. 

1-1 

FIGURE 30. 


Diagram illustrating suggested origin of button- and lens-shaped australites 
from a primary sphere. (Flanges possessed by button-shaped forms have been 
omitted). 


Two secondary Conns arc* depicted in a sketch of one sphere 
in text figure 90. for convenience of representation. P indicates 
the forwardly directed sin-face of each secondary form, and the 
arrows represent the direction of propagation through the 
earth’s atmosphere. These arrows will naturally be directed 
in the same sense in actual fact. The possibility is not overlooked 
that similar button- and lens-shaped secondary forms could result 
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troni the ablation of a prolate spheroid of a type indicated in 
text figure bt, in much the same way as from the ablation of a 
sphere (text figure b()). Rather more australite glass has to be 
ablat(‘d from the primary prolate spheroid. 
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FIGURE 31. 

Diagram showing secondary forms resulting from the ablation of a prolate 
spheroid of australite glass. 

Ili(‘ fires oi eiirvfilnre of the kick (i.c. primary) surfaces 
of tbe secondary shapes of some anstralites conform to tin* ares 
ol constructed circles, just as do the ares of curvature of tin* 
polar regions of certain prolate spheroids. Different ares of 
curvature ol the back surfaces of button- and lens-shaped 
auslralites and possibly also souk 1 oval-shaped specimens 
developed in lliis way, would arise from differently shaped (i.e. 
broader or narrower) prolate spheroids. 

Many of the oval-shaped anstralites having (i) the two 
different radii of curvature for each of the two curved surfaces, 
and hence (ii) two different arcs of curvature in two positions at 
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i i^lil angles tor each of tin* two surfaces, and (iii) major and 
minor diameters with no vary marked difference in length 
between lliem, such as depicted in sectional aspect in text figure 
d(), probably arose from tlu* ahlalion of forms of revolution less 
elongated than the spheroid shown in text figure 21. and yet not 
as spherical as tin* primary form shown in text figure 00. Tliev 
wonld thus he secondary shapes intermediary hetween those of 
the button and Unis groups and those of the boat and canoe 
groups, and had their origin in primary forms of revolution 
initially intermediate in shape between tin* primary forms of these* 
groups. 

Other oval-shaped anstralites, in which the two diameters 
are more significantly different in length, probably arose* from 
oblate spheroids approaching the* character of the* example* shown 
in text figure 22. l>oat- anel canoe-shaped a list r;ilite*s ce*rtainly 
seem to have been ele*rive*el from oblate* sphe*re)ids (1e*xt figure* '-Vi). 


I o V M 



FIGURK 32. 

Diagram showing elongated secondary forms such as boat- and canoe-shaped 
australites, develoj)ed by the ablation of an oblate spheroid of australite glass. 

The australite rores " (Vf. Baker, 11)401), ]>. 492) nr 
“ bungs ” (ef. Fenner, 1928. pp. 200, 204). are much larger than 
the cores (body portions) derived by the loss of flanges and 
peripheral regions from smaller australite forms sue-h as buttons, 
lenses and ovals. These large cores have round (in plan aspect), 
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oval, boat and dumb-bell shapes and often, though not invariably, 
possess characteristic Haked equatorial zones hut never flanges. 
They evidently represent tin 1 earliest arrested stages of larger 
primary forms that have been the least modified by proeesses of 
fusion stripping and ablation (ef. text figure 35). 

Round cores of this nature were derived from original 
spheres in the manner indicated by text figure 33. 



I 



A round corn with flaked equatorial zone, developed by fusion stripping and 
ablation of an original sphere (dotted line). 

B—hollow form derived from original hollow sphere (dotted line represents 
continuation of original outer walls). 

F—indicates original positions of front poles of primary spheres, and arrows 
indicate dilection of propagation through the earth’s atmosphere). 
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i^omo liollow forms of mistralit<*s have 
, a l )( ‘ as s<)1,1( ‘ the 1 large round (-ores (or. 
Iiavc flms Ih'oii subjected to similar pi 
stripping and ablation. Indeed, some oven 
equatorial /.ones. 


1 lie same external 
text figure :»:!), and 
roeessos of fusion 
show similar flaked 


tln-o, < 1 V s tV U " ° ,,< “ nal " ll,,]|,nv ''"•■"l* ns complele entities 
tl ouoh.m the operative phases of fusion stripping and 

a >« ion, deman,Is the original .levelopment of a primary'hollow 
spun with an (‘oo(mtideally disposed internal bubble, so that 
the walls al one pole were Ihieker limn the walls al the opposite 
pole. A hollow form will, an occenIrieallv placed bubble would 
be expected to travel on its line of flight with the ihickest wall 
forward, so that the anlerior surface had thicker walls than the 
posterior surface (cl. texl figure IVAu). All hollow auslralites. 
of which there are eoinparativel.v few known, provide ( *vidence 
winch indicates that this expected position was actnallv a stable 

position of forward propagation. So. hollow forins'snbjected 

to excessive ablation compared to the thickness of their 
forwardly directed walls, have collapsed inwards during flight, 
as evidenced by the presence of inrolled edges in e-ertaiiHmUow- 
form fragments from the Xirranda and Port Campbell 
Strewnfields. These inrolled edges show evidence of secondary 
flow of glass over the collapsed edge's and inwards towards the 
inner walls of the original internal cavity, and Ihe fragments 
on which they occur are fragments broken from the polar regions 
of anterior surfaces. 


In text figure ooh, which is hast'd on a sliced hollow australite 
from Hamilton, Victoria, figured by Dunn (1912, figure 2a, Chile 
7), the thickness of the walls at the front pole was originallv 
10 nun., hut is now d.o mm. on account of reduction by ablation. 
At the anterior pole, the glass walls were' four times as thick as the 
walls (2-o mm.) at tin* back pole, f p to approximatedv 8 mm. 
thickness of glass has thus been removeel by processes of 
ablation from front polar regions. 

A hollow australite from Horsham. Yie-toria. figured bv 
Walcott (1898, Plate 111, figures 1 and 1a) had an original 
thie-kness e>f 12-b mm. for the walls at the front pede. while the* 
fhie'kness at the ba<-k pole is 2 b mm., so that the' forwardlv 
directed walls e,f this australite glass bubble we're eeriginallv live 
times as thick as the rear walls, and the internal cavitv was 
eccentric with respect te> the original walls of the primary hollow 
sphere. 
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Hollow forms with e\ eu more ece-entrically disposed internal 
cavities. which have very lunch thicker anterior 'walls. ran 
wit list and fusion stripping and ablation to the same degree to 
which certain solid forms have been subjected, and yet need not 
collapse, by virtue of tin* fact that the internal cavity is situated 
well back towards the posterior surface. Of such a nature is an 
example ( rcg. no. K10.VJ) from the Xirranda Strewntield, where 
ablation has berm operative to such an extent that a flange has 
been developed on a form (Plate II. figures 9 and 10) with a 
relatively large inlernal cavity. Although this form is 
praeticailv e'omph'to, possessing only a small lnde 1 nun. across 
leading to the internal cavity, it lias been possible to form an 
estimate' of the dimension of tin* internal bubble along the polar 
axis by inserting a needle through the aperture and across the 
internal cavity. 'The following dimensions were obtained:— 

(1) 1 tistaiice from front pole to bottom of aperture 2 mm. 

(2) Distance' from from pole 1<> back wall of 

inlernal cavity . . . . . . 1() mm. 

(2) Distance from front pole to back pole* .. 19 mm. 

I >y snbstraeting measurement (1) from measnrenu'nt (2), the* 
depth of the* internal cavity is arrived at as 14 mm. Measurement 
(1) provides the* thickness of the walls at the front pole*, while 
the difference between measurement (2) and measurement (2) 
shows that the thickness of the walls of the internal cavity at 
the 1 posterior surface 1 is only 2 nun. The cavity is thus 
oce'emtideally place'd with re*sp(*ct t<* the petitions of the* front ami 
back peek's, a e-oiielition that was e've'n more pronounee'd before 
ablation of 1 lie* from polar re'giems. Radiographs of this form 
re'Ve'a 1 the* following elime'nsions of the' iute'rual cavity:—front 
polar aspect : 12 x 1b mm., two side' aspects at right angles: 14 x 
lb and 11 x 12 mm. re*sp<'clivedy. 'The' internal cavity thus has 
slight polar elongation. 

'The' large e'lougate* cores of boal-, dnmh-bell and teardrop¬ 
shaped australites are imlicated in text lignre b.4, where tlit' 
primary forms from whi«4i they we're derived are* shown as 
broken lines. Knd-on aspects of these* forms gene'rally re'semhh* 
the 1 shape* of the re HI lie l eon* depicted in text figure 22 a. 

Some larger cores have Hatter posterior surfaces than 
indicated in text lignre 24. and were evidently derived from 
primary forms having Hatter arcs of curvature along their sides. 
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jluRs approaching cigar-shaped ellipsoids lh<*v did not 
R* atmosphere (‘ud-oii, however, excepl in rare exanipl 
opioids that now have aerial bonih-like shapes. 


1 raverse 
es of t he 
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FIGURF 34. 

A elongate core (boat-shaped). 

B elongate core (dumb-bell-shaped >. 

C elongate core (teardrop-shaped). 

The material between the dotted lint's and the anterior surfaces in each sketch 
has been removed by ablation. 

F indicates position of front poles. 


The elongate core shown in iext figure :>-1a was derived, bv 
ahlalion, from an oblate spheroid of revolution. for allied 
examples, the length of the original spheroid compared to its 
breadth, increases from short ovals through longer ovals to the 
more elongated boat-shaped cores. The flaked equatorial zone of 
such examples is a common feature, but one or two specimens are 
known in which flaked equatorial zones have not been developed. 
In them, the anterior is demarked sharply from the posterior 
surface by a well-developed rim (but never a flange in australites 
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of 1 lu* s i/e under consideration). This suggests the possibility of 
limited ablation having occurred, without accompanying fusion 
stripping of equatorial regions. 


The dumb-bell-shaped cores (text figure 34 b) were developed 
by the frontal ablation of originally rather larger dumb-bell forms 
of revolution in which the bulbous ends initially had a constant 
thickness in any one given plain* (cf. figure “29, No. 5), and in 
which the constriction in the waist regions was much less pro¬ 
nounced than in the smaller dumb-bells on which flanges became 
subsequently developed. Flaked equatorial zones are again 
characteristic features of most of these dumb-bell-shaped cores. 
No dumb-bells have yet been observed that would point to any of 
these forms having travelled through the atmosphere with their 
long axis parallel with tin* direction of propagation. 

The larger teardrop-shaped cores have a flaked equatorial 
/.one developed in such a way as to indicate that the stable position 
during flight was like that depicted in text figure 34c. Ablation 
occurred most dominantly at the front pole of the bulbous portion 
of flic original apioid. and ultimately produced the teardrop¬ 
shaped core. A further stage in the melting and liowage of glass 
from the front polar regions than that shown in text figure 34c, is 
sometimes one in which secondarily l ust'd glass has become carried 
around the bulbous end on to the equatorial edge of the posterior 
surface (cf. Faker. 194b, Plate IN. figures 9a and 9b). In still 
later stages, mure evident with the smaller teardrop-shaped 
ansi rabies, the size of the teardrop has been much reduced bv 
the processes of ablation, and the stage of flange-building has been 
reached. Here again, it dot's not seem likely 1 hill the teardrop- 
shaped forms were rotating at any of these stages when secondary 
fealart's were being produced during atmospheric flight. 

The progressive developmental stages in the formation of 
such secondary shapes as the various round forms of australites 
from primary spheres of nalnral glass of presumably extra¬ 
terrestrial origin, are indicated in text figure 33. 

The posterior surface, shown uppermost in each of the 
sketches A to II in texl figure 33. is regarded throughout as a 
residual portion of each primary sphere. The anterior surfaces 
are secondarily developed surfaces arising from the fusion strip¬ 
ping and ablation of the forwardly directed hemispherical half 
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° . l 111111 ' 11 .' J<n'lii. It is considered that the saint 1 general 

pi m< lples apply to tlx* other shape groups, as outlined here for 
the gioup ol australit<‘s that are circular in plan aspect. 



FIGURE 35. 

. Progressive stages in the development of round forms of australites from 
primary spheres of australite glass. 

A to D—round cores. E to F— buttons. G to H -lenses. 

In text figure 3-1, the spheres from which the cores (Or 
bungs ") were developed, are frequently twice as large as those 
from which the button- and lens-shaped australites were pro¬ 
duced. The original spheres for the buttons and lenses depicted 
in text figure 35 had much about the same size range among them¬ 
selves. 

Diagram A (text figure 35) shows a primary sphere, and 
diagram B depicts initial ablation in its front polar regions. With 
more ablation and some fusion stripping, a round core of the type 
shown in text figure 35c is produced, and, at this stage, approxi¬ 
mately 10 per cent, to 15 per cent, of the original sphere has been 
removed. Continued loss of glass melted from the front surface 
leads to reduction in the size of the core and increase in the radius 
of curvature of the anterior surface, as indicated by text figure 
35n. This process continues with complete loss of the melted glass 
which becomes whipped away and in part volatilized and 
dispersed in the wake of the speeding australite body. 

Commencing with somewhat smaller spheres of australite 
glass entering the earth's atmosphere in an originally similar 
cold condition, ablation and fusion stripping occur soon after 















150 


N1RRANDA STK K WN FI ELD AUSTRALITES 


froulal iiu*lling has be*e*n iuiliatcd. This may continue until 
approximate'ly oik* half or more of the primary glass split*rt* lias 
IK't'i 1 mnovrd, tin 1 oonelition th( i n 1 >t*i i i_o- reaedu'd at which tlit* 
remaining solid glass lias passed into 11 it* requisite size and shape 
for the onset of Hange*-building and the development of the flow 
ridges on anterior surfaces. 

The position of separation of the boundary layer flow in flit* 
medium (earth's atmosphere) through which each australite body 
with its modified shape was moving, constantly changed as 1 lit* arc. 
of curvature of tin* forwardly directed surface became flatter in 
character, and as flu* rim of the form migrated along the front 
hemisphere backwards from tin* front polar regions, anil beyond 
the original position of the equator of tin* primary form. At this 
stage, tin 1 separation of the boundary layer flow from tin* 
equatorial edge of these small secondary shapes travelling at 
nitra-supersonic speeds evidently generates turbulence which 
becomes responsible for forcing some of Ihe melted australite 
glass around on to the edge of the posterior surface. As this 
process is maintained for a while, more glass is piled up in the 
posit ion indicated, thus lending t«»t he consi met ion of a substantial 
Mange all around tin* equatorial edge of the object; at the same 
lime then* is a marked development of flow ridges on the anterior 
surface, as in text figure dm. A somewhat later phase of the 
process is one in which Mange-building glass has been accumulated 
rearwards to such an extent that the posterior surface of the 
secondary shape can no longer he set'll when the Hanged australite 
is viewed in sit It* aspect, and the majority of flanged ansi ralites, as 
found on the earth's surface*, are either of this nature* or <*1 se* 
rewcal a small port ion of 1 he* poste*rior surface* prot ruding a short 
way above the* edge* of the* Mange. 

Only a narrow contact e*xists belwe'en the* Mange* and the* 
posterior surface of the* secondary shape, and much of the* Mange 
glass overhangs parts of t Ik* edge of t he* poste*rior surface* without 
making direct contact (cf. !e*.\1 figure Id). Idtimate* loss of some* 
Manges by the combined (‘Meets of late*r stage's of ablation, a little 
fusion si ripping and possibly frngmeiitnt ion during Might, operat¬ 
ing more particularly in the* ** seat " regions (cf. text figure Id), 
yields 1 Ik* non-llange*d lens form depicted in text figure* ddu, with 
its lesser number of Mow ridges. I ,, urthe*r ablation them ivduee's 
this Iorm to the smaller type* of lens shown in te*xt ligure* ddu, or, 
if conditions are suitable, a small llangvd button may be* developed. 
Such small llanged buttons have been found, but it is uncertain 
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\vli(‘l li(‘i- they w (* i *( * developed in (he manner suggested, or whether 
s<), " <1 °l ^ u ‘. m "’ere derived from originally milch smaller primary 
spheres which weir subjected to comparable processes of ahlat ion. 


As an example of tin* amount of anstralite glass lost by 
ablation at Ihe stages indicated hy lext figures Hof, and Hof, the 
weight ol the original sphere ol glass from which a flanged Imtton 
was derived lias h(*(‘n calculated as 11 grams, I'rom the speeilie 
gi<i\it\ \ a 1 11 < * ol the specimen and the radius of curvature ol' its 
posterior surface (i.e. a value that provides the radius .d' the 
primary sphere). The separate weights of the Mange and of the 
body portion of this anstralite' are known, so that the amount of 
glass lost can he determined, thus: 


(h’r W rigid in ui a Min, 


()i’i<»ina 1 sphere 

loo 

1 I -o 

Body portion of aia.i ndito 


:w>7i 

Klan^d 

do 

o.7(1-2 

Amonlit lost 

r><)-7 

(rod! 


It is thus s(‘(‘n that over half of the original glass sphere 
has been ablated away and nearly 7 per cent, moved around to 
the roar snrlaeo to lorin a Mange. In ihe same wav, it can Ik* 
calculated that something over 80 per cent, of an original glass 
sphere was ablated before ihe residual end product such as a 
lens of average size was developed. 

The causes loading to the generation of Manges on austrnlitcs 
have already boon discussed as an outcome of the stndv of the 
internal Mow line patterns of australites generally (under the 
seel ion dealing with Mow Lines). A few relevant facts remain 
to be added, from the aspect of tin* situations of the Manges 
relative to the primary forms from which australites were 
developed, and relative to the secondary end products which 
anstralite shapes represent. 

It is obvious that, because of its sloop forward curvature, 
and its exposure to the greatest amounts of frontal pressure 
generated during high speed Might. Ihe forwardly facing 
hemispherical half of a sphere of anstralite glass (of. texi figure 
Hoa), can provide no stable position for accumulation of fused 
glass forced away from the front polar regions. The earliest 
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fused ylass would lie rapidly whipped awa\ under the* inllue'iiec 
of dray,' el'feels, and. as the process ot fusion slrippiuy and 
alilalion proyressed, 1lu*re oeeiirrt'd yraelual re'elued iem ol ihe Iron) 
surface. The radius of curvature of llie from surface' increased, 
so 1 ha 1 its are of eurvature became Hal 1 er (el. 1 exl figures Hob. doc 
and ddn;. The front pole of the original sphere' niiyrale'd rear¬ 
wards to within or beyond ihe reyiou of ils original eviitre* be'Ie► re* 
llauye-lmildiny could commence, fen* by then, ihe 1 rim, *l*'vcl*>p*‘<l 
as a se'eonelary fealniv eh'limiliny 1 lie' ue'wly fornie'el anfe'rieir 
sni'faee' from the remnant portions of Ihe- primary roar surface", 
had passed beyond the former equator of Ihe oriyiual sphere. 
A situation has the'refore I»e»e*ii produevd which is sniteel to llaiiye- 
buileliny. for now the eepialorial eelyv of the 1 poste'rior sui'laee' has 
le'ss stee'ply slopiny backward e-nrvature, so tlial a more' stable* 
position is available* for the' accumulation ol such me'lte’el ylass 
as reached and remained in the* eepiatorial reyions. 11e*re*, nudeu* 
the* inllueuee 1 of eddy currents and possibly some* fried ion eovate'd 
by the' se'paratiny boundary layer How (ef. te.\1 liyuro db), Ihe 
se'coiielarily fused, migrated ylass beyan tei eexd and be* moiihh'd 
into shape. Kapielly ledlowiny, newly ini roeluee'd auel still warm 
ylass fre'ipicutly be'came janiined against the* eoide'r ylass already 
pre'senl in Ihe* llanye lvyions. eausiuy eemside ruble' eontorlion in 
some of the' How line pat lend is o f some' lla iiyvs (<• f. eemiple'.x puekeT- 
iny shown in Plate' II. linker, l!)l-l). 

It is mil ye*1 fully nnde'rsfood why ihe' llanye ylass in its 
filial form consolidate*! in a peisition partially overhanyiny Ihe 
e'epiatorial e'dye re'yitms of t Ik* body peirtiou in llauye'el ansi ralib's. 
Possibly, a buffer e»f re'lleeteel air freun Ihe' cold peisle'rieir surface' 
in these re*yions, was responsible, assoeiale'd with the vise-oils stale* 
of the' ylass itself. Kvidemtly Ihe 1 vise-oils state of the* ylass was 
an important fatdor, fe»r a e-ontrast is provide'*! by rare' spe'eiinens 
of australiles in which ostensible llanye ylass was ralhe'r less 
viscous, and instead of bnileliiiy up into a llanye st met lire, it has 
spread out on to Ihe poslm-ior surface' lor some distance from the 
*'<|iia1orial peripherv (in the' manner in< 1 i<-a 1 e < 1 bv liyures i>\ and I)it 
of Plate IX, I taker. 

'file posterior surfaces of ilanyes we're* loe'ati'd in low pressure 
reyioiis eluriny the phase of liiyh speed earthwarel lliybt of 
ansi rabies, and these surfaces are ehara<derist iealiv smooth and 
open sliyhtly concave. ()n the oilie'r hand, amlerior surface's of 
a 11 st ralite's w*'re located in liiyh pressure* ivy-ions, and their 
*'(|iia1orial edye's where llanyvs were built up were positions of 


NIllRANDA STKKWNFIELD AUSTRALITES 


153 


greatest frictional drag; lienee the anterior surfaces of the llanges, 
which are convex:generally, reveal complexly wrinkled Jlow ridges. 
It. is in the “ seat ” regions of llanges (cf, text figure la) and 
from thence to their equatorial edges, that loss of glass is most 
noticeable as a result ofthelinal phases of t he processes producing 
the end products now representing the secondary shapes of 
australites. It can he observed from thin sections, 1 hat in the 
anterior surface regions of the flange extending from the '* seat 
to the equatorial edge, How lines in the glass of the flow ridges are 
parallel with flow lines in the immediately underlying glass, 
whereas the outlines of the intervening flow troughs cut right 
across secondarily developed, llangeward-t rending flow lines (cf. 
Baker, 1944, Plate Ill, figure 1), thus indicating removal of thin 
films of glass from the flow trough regions to rather greater 
extents than front the How ridges, during these end stages. 

Small howl-shaped and tin* disc- and oval-plate-shaped forms 
of australites, which have not yet been located in the Xirranda 
Strewnfield, have been discussed elsewhere? (Dunn, 1910, p. 224; 
Baker, 1940a, p. 312), hut the* manner of their origin has not 
yet been satisfactorily explained in its entirety. These are 
essentially thin forms of australites, averaging 1 mm. to 1.5 mm., 
seldom 2 mm. in thickness, and their thickness is out of all propor¬ 
tion to their diameter, the diameters of most forms being 10, some¬ 
times 20 times as great as their thickness. Such forms could 
possibly he the end products of very small buttons, lenses and 
ovals that had become so thin bv ablation that they were completely 
softened under the inllnence of frictional heat, and flattened by 
frontal pressure to form disc- and oval-plate-shaped australites 
(ef. Baker, 1940, Plate VI, figures 1 and 2), or even turned back¬ 
wards where sufficiently unstable, to form bowl-shaped (or 
“ helmet-shaped ’’) australites (cf. Baker, 1940, Plate \ 1, figures 
3a and 3b). In the writer’s opinion, there are no features of those 
small, thin australites that would indicate the operation of 
rotational processes during their formation as secondary shapes, 
even though they seem to have become softened throughout during 
these end phases of flight, after which they cooled prior to landing 
upon the earth’s surface, at much reduced speeds. 

The origin of the shapes of several of the relatively rare 
aberrant forms of australites that have come under the notice of 
the writer (cf. Baker, 194b, Plate VI1, figures (u and bn. Plate 
VIII, figures 7a and 7b, and Plate XI). can generally be satis¬ 
factorily explained by initial reference to modified primary forms 
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of revolution, some of which may have Ik-oii accidentally deformed 
during pre-atmospheric tlijrht and foiist'tjuently did not behave 
like the more regularlv shaped forms during the phase ot 
atmospheric flight. 'Hie aberrant forms of anstrahtes are nsnally 
of sneh a type that the idea of rotational motions while passing 
through the earth's atmosphere seems scarcely tenable. 

Viewed on the above basis of the theory of fusion stripping 
and ablation during high speed flight for the origin of their 
secondary shapes, certain deductions are herein made concerning 
the specific gravity values of anstralites. These deductions seem 
to give credence t’«> the postulates set out in the foregoing pages. 
The lad that in any particular anstralite strewnfield, the smallest 
anstralites often have specific gravity values the same as those ot 
the medium-sized and even the largest anstralites known, and 
that both lower and higher specific gravity values occur among all 
sizes, would suggest that complete fluidity of each anstralite was 
not attained during atmospheric flight. Had lliis occurred, it 
would he expected that more volatile constituents would escape 
more being lost from the ultimately smaller, than from the finally 
larger anstralites. Since, under such conditions, heavier con¬ 
stituents would he the more volatile, lighter constituents should 
thus concentrate in the smaller lorms, which would then have 
the lesser specific gravity values (<T. fusion experiments, .Baker 
and Forster, 1943, p. 398). Since this is not shown by the 
thousands of specific gravity values determined for anstralites 
(Baker and Forster, 1943, p* 403), it is concluded that, variations 
in specific gravity among anstralite specimens of different size, 
in each separate shape group found from diffeieut oi 
the same localities, are essentially a function of their 
primary phase of formation. During atmospheric flight, 
progressive fusion and removal of microscopically thin 
films of melted anstralite glass from the forward surfaces 
would not give rise to any really significant specific 
gravity variation as between the primary form and the 
ultimate secondary lorm derived therefrom. It could, howexei, 
account for ihe fact that flanges generally, though not always, 
have lower speeilie gravity values than body portions of such of 
the anstralites as formed flanges during flight. The flange glass, 
during secondary inching and migration, possibly lost some of the 
heavier, more volatile constitnents, thus resulting in a slightly 
more silica-rich residuum willi slightly lower specific gravity 

values. 
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Effects of Aerodynamical Eloic-Eliniomcna danny Ultra- 
supersonic Flifjhl. 

There is every reason to believe that australites are extra¬ 
terrestrial objects which entered the earth’s atmosphere at 
oosmical velocities similar to those possessed by iron and stony 
meteorites. On tirst reaching the atmosphere, they were evidently 
cold, non-rotating bodies of glass with complex internal How-line 
structures generated in their birthplace. Their sliced of traverse 
through the earth’s atmosphere no dnuht became progressively 
lessened as they passed through the increasingly denser lower 
atmospheric layers nearer to the earth's surface, as a consequence 
of increased frictional resistance, so that they lost their high 
cosmical speeds, and fell to earth at speeds controlled by the earth’s 
gravitational forces. The nature of the airflow must have changed 
considerably and continuously as their speed decreased. No parts 
of the australites are considered to have been fluid on landing upon 
the earth’s surface. 


During transit through the atmosphere at very high speeds, 
certain aerodynamical factors must have operated in such a way 
as to produce the known secondary shapes and secondary struc¬ 
tures of australites from a small variety of primary forms (cl. 
Baker, 1944, pp. 18-19). 


The rate of fall to earth, at a distance of say (JO to TO miles 
above the earth’s surface, would be some (i miles per second if 
falling due to gravity alone, while the maximum velocity, if at 
all comparable with that of iron and stony meteorites, would be 
in the region of 20 to 40, or even -TO miles per second according 
to various estimates. The time taken to travel through the earth's 
atmosphere would thus be very short, a matter ot a tew seconds 
to a few 7 minutes at most, according to the angle of enti \. At such 
speeds, tin 1 velocity of approach of australites to the earth's 
surface is ultra-supersonic, with a Mach number* somowhere in 
the region of 27 at the minimum speed of 0 miles per second, some 
00 to 70 miles above the earth's surface, and of 192 to possibly 248 
as a probable maximum Mach number at the same height. Since, 
however the Mach numbers would not be comparable units at these 
heights as at sea level, because of differences in temperature, 
pressure and density of the atmosphere at the different levels, they 
would not be nearly as high as given above, since Mach numbers 


* The Mach number (M> is the ratio of the speed of supersonic flow to the 
, nf cmmrl en that if M 1.0. the speed of supersonic flow equals the speed ot 
SitSl 760 ni.p.h. at the standard sea level temperature of lire, .el Black. 

1953, p. 252). 
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decrease in valno with increase in height above the earth s surface. 
Nevertheless, they would st ill he relatively high and no doubt much 
greater than those so tar attaint'd with guided missiles that have 
reached supersonic speeds. The guided missiles, which reach 
heights of up to 2”>0 miles above 1 lie earth s snrJace, and travel 
at some 2,000 miles per hour, have a Mach number of 2.0, and they 
travel upwards from denser to less dense layers ot the atmosphere. 
Anstralites, on t Ik* other hand, travel downwards from less dense 
to denser layers, penetrating all layers of the atmosphere from 
tlu* most tenuous to the most dense, at speeds which are decreased 
by frictional resistance of the atmosphere, but which at times are 
in the vicinity of something between 21,000 and 144,000 to 180,000 
miles per hour. Their Macli numbers must therefore be high, 
even after allowing for decrease in speed with nearer approach 
to the earth's surface, and also allowing for the fact that Mach 
numbers fall in value at the greater heights. 

Travelling earthwards at ultra-supersonic speeds, the tem¬ 
perature of thin films of Hit* forwardly directed surfaces of 
spheres, spheroids, apioids and dumb-bells of australite glass, was 
considerably raised (to at least the softening temperature of 
tektite glass), by virtue of the development of shock waves ahead 
of each form (see text figure* 2>(i fora primary sphere of australite 
glass), for where the air is brought to rest in shock waves, com¬ 
pression is so great as to product* much increased temperalnres. 

At supersonic speeds, certain important factors come into 
operation, chief among which are those connected with the 
aerodynamics of high-speed How, the behaviour of the air being a 
function of tlu* relative motion between the atmosphere, which 
for these purposes can be regarded as virtually at rest, and the 
anstralites, which it is presumed must have travelled at very high 
velocities. To begin with, during supersonic flight, a permanent 
type of disturbance would he set up in the air piled up ahead of 
any particular primary form of australite travelling at such 
speeds, thus creating the important shock waves. Shock waves 
are regarded as sheets where there* exists an abrupt discontinuity 
of velocity of How (cf. Durand. HK!o). and they are narrow zones 
of intense compression. The air that Hows over the surface of 
any australite travelling at ultra-supersonic speed, can do so only 
after it has peuetruled the narrow arcuate region of compression 
known as the frontal shock wave. The frontal shock wave* (see 
text figure 2(>) travels a short distance in front of the australite, 
in tlu* same <liree*i ion at similar speed. Its shape* we mid he broadly 
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hemispherical, with a radius oJ‘ riirvalnrc a little greater, but 
otherwise generally conforming will) the are of curvalure of the 
forwardly direetcd hemispherical surface of the primary 
australite torm, such as Ilia one depicted in lexl figure 36. 


SHOCK 



FIGURE 3(3. 

Diagrammatic sectional representation of the probable form and nature of shock 
waves and turbulent zones created by a non-rotating primary sphere of australite 
glass travelling earthwards through the atmosphere at ultra-supersonic velocity. 
(Based on a reproduction by Black, 1953, p. 254). 


Along - the sides of the primary form, subsidiary shock waves 
would develop in positions lying" obliquely to the direction of 
propagation, and in them, compression, although high, would 
probably not be as intense as in the frontal shock wave. Kor 
general purposes of illustration, the primary forms of australites 
are regarded as being initially relatively smooth (cf. text figure 
36), and varying in size from 10 to oo mm. in diameter for spheres, 
and from 9 x 20 mm. to 40 x 100 mm. for elongated forms. The 
subsidiary shock waves generated by such forms, are pictured 
as equatorial shock waves, produced as narrow zones of high com¬ 
pression that lie very obliquely backwards and most likely some¬ 
what detached from the equatorial regions of the sphere (cf. text 
figure 36) as a result of thickening in the boundary layer of air 
induced by the objects having such high Mach numbers. The 
original surfaces of the primary forms of the australites. however, 
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were no doubt somewhat bubble-pitted, lienee l lie subsidiary shock¬ 
wave phenomena would probably be much more complex than 
indicated in text figure 3b. 

Dehind the fast-moving australite s]>here, turbulence is 
created where the main flow becomes separated in the equatorial 
regions, by the action of reverse and secondary reverse laminar 
How producing vorticity in the relatively thin boundary layers ol 
the atmos])here in contact with the surface of the sphere. It is 
within the thin boundary layers that all frictional effects arise 
between the anterior surface of the aust ralite and the fluid medium 
(the earth's atmosphere) through which it has its trajectory. 
Tims there would arise stresses in the gaseous medium along the 
anterior surface of the australite producing skin friction as a 
tangential component, and stresses in the positions where turbu- 
lenl How was generated in equatorial regions producing form drag 
(Whitlock, 1943, Chapter V). Inside the turbulent wake region, 
immediately behind the posterior surface, there would most likely 
exist a cone of virtually dead-air, as indicated in text figures 3(i 
and 37. Its existence enables the posterior surface to he main¬ 
tained at temperatures well below the fusion temperature of 
australite glass. 


The frontal shock wave constitutes a narrow zone of immense 
pressure, while behind it, a slightly broader zone extends from 
the hack of the shock wave to the front surface of the primary 
sphere of australite glass. Although the velocity of the air is 
decreased in this zone, high pressures, and hence high tempera¬ 
tures persisl. A slate of steady flow of a permanent type produc¬ 
ing shock waves can only he developed when the motion of an 
object travelling at supersonic or ultra-supersonic speeds, is eon- 
lined to one direction (ef. Durand, 193”)). Therefore it is deduced 
that there was no major change in the direction of forward pro¬ 
pagation of any of tlx* aust rubles that have been recently studied, 
and there was evidently no rotatory motion. 

During the maintenance of shock waves, all the mechanical 
energy generated at supersonic speed, would he converted into 
heat, due to the viscosity and conductivity of the air in the zone 
behind the frontal shock wave. lienee, as long as supersonic 
-peed prevail-, a cap of highly heated compressed air travels 
ahead of the ansi ralite. as diagrammat iealli illustrated in texl 
figure 37. 
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Diagrammatical three dimensional concept of the aerodynamical phenomena of 
high-speed flow past a primary sphere of australite glass travelling at ultra-supersonic 
speed. 
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Under such conditions, during the early stages of development 
that were eventually to lead to 1 lie formation of seeondary shapes 
of australites, this rap of highly compressed air supplied the tem¬ 
perature rise necessary to the softening of thin films of australite 
glass in Ihe front polar region, when* pressures would lx* greatest. 
It caused particles of the glass to volatilize, thus initiating the 
process of ahlalion that hereafter heroines an important factor in 
shaping the anterior surface. The cap of compressed air also 
protected the anterior surface from loss of heat during the very 
short period of linn* available for secondary shape development. 
As a consequence of this process, a proportion of the primary 
australite forms, most probably the smaller ones, was undoubtedly 
lost hv complete volatilization. Many others, however, survived 
the effects of tin* aerodynamical llow phenomena that prevailed 
throughout the period of maintenance of ultra-supersonic and 
supersonic, speeds, but during their operation, these primary forms 
became considerably reduced in size and altered in shape, on the 
forward surface. The separation of the main flow stream from 
the equatorial regions of the larger primary forms, is regarded 
as being responsible for the process of fusion stripping that gave 
rise, on the larger of the forms, to flaked equatorial zones such as 
are depicted in text figures 33 and 34. In this region occurs the 
transition zone where laminar flow in the thin boundary layer 
ends, and turbulence supervenes. Tin* turbulence thus emerges 
from the* thin boundary layer, and being packed with vortices 
would generate much more intensive form drag. 

The final, or near-tiual, conditions prior to the landing of a 
button-shaped australite on tin* earth's surface, are pictured in 
sectional aspect in Plate VI, figure 28, and in this connexion, 
reference should be made to Plate 1., figure 1, in order to obtain 
some conception of the character of the frontal aspect of the 
anterior surface of a button-shaped australite at the end stages 
of development. At this si age (Vf. Plate VI, figure 28), 11 k* 
frontal shock wave is still maintained, although its shape has 
changed, because flu* arc of curvature of the anterior surface of 
the australite has become flatter as a consequence of considerable 
frontal ablation, lienee increasing the angle of the shock waves to 
the airstream. This change can he judged by comparing Plate* VI, 
figure 28, with text figure 3b, where the end stage shown in Plate 
VI has been derived from a sphere originally the same size as 
that depicted in text figure 3b. 

It is known that frontal shock waves lie at various angles to 
the airst ream in supersonic flow (cf. l’daek, lH-~>3), and with objects 
travelling at supersonic speeds, these angles are controlled 
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essentially bv the shape of the forwardly direclod surface. Since 
the front snrfaees of all the primary and the majority (i.e. 
flattened forms excepted) of the secondary shapes of aiistralites 
arc never perpendicular to the nirstream during: iheir journey 
through tlie earth’s atmosphere, frontal shock waves would never 
be generated normal to their path. In other words, during the 
important formative stages of secondary shape development, the 
frontal shock waves would always be of the oblique type where 
pressures, which depend upon defied ion, are seldom more than 
50 per cent, of the pressures generated when perpendicular shock 
waves arc formed ahead of a perpendicular reflecting surface. 
Inasmuch as the are of curvature of the front surface of ihc 
secondary shape (cf. Plate VI, figure 28) is flatter than that of 
the primary anstralite form (cf. text figure 80). however, the 
shock wave ahead of the secondary form must be less oblique 
than that ahead of the primary form, and consequently pressures 
somewhat greater, and hence drag is more pronounced along the 
anterior surface. The shape in cross section of the ultimate 
secondary anterior surface of the anstralite, is thus not vastly 
different from that of the isoclinie wings of certain transonic air¬ 
craft, as far as the backswept character is concerned. The 
anstralite, however, does not have the pointed nose, but this lack 
would be offset by the greater speeds at which aiistralites travelled. 

A few of the smaller aiistralites have been flattened, evidently 
in the end phases of atmospheric flight, when they had been ablated 
to very thin forms such as the disc- and oval-plate-shaped 
examples. If produced at supersonic speeds, then pressures on the 
front surfaces of such thin forms must have been at a maximum, 
for their frontal shock waves would have been virtually perpen¬ 
dicular. This may explain why they are flattened and why some 
of them were even bent backwards into bowl-shaped forms. 

In aiistralites with forwardly curved front surfaces, i.e. all 
other forms, the are of curvature of the frontal shook wave not 
only varies with the changing curvature of the ablating anterior 
surface, but changes also occur in the subsidiary shock waves. 
Thus the marked skirt of equatorial shock waves of the primary 
anstralite sphere (text figure 37) becomes replaced, near the end 
stages of flight, by a number of flow ridge shock waves, which 
arise locallv around the front surface of the secondary form (Plate 
VI, figure *28) at positions where the flow ridges slightly project 
above the general curvature of the anterior surface. These pro¬ 
jections, which are situated some distance away from the front 
polar regions of the secondary shape, and occur at progressively 
decreasing intervals towards the equatorial edge, are positions 
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where local accelerated How arises. Five such projections and 
1 heir attendant shock waves are illustrated in Plate \ I. figure 28 
in sectional aspect. Behind each flow ridge shock wave, would 
occur expansion cones of cross section resembling the Ian-like 
ex])ausion regions illustrated by Black ( 19”)3. p. 2n4). Such 
expansion cones would arise in tlit* How trough regions, where 
local scouring-out of glass occurred during these final stages ot 
secondary shape development. The material removed below the 
level of flow ridges that occur on either side of such How troughs, 
is of relatively minor amount, at the most being 0*2o mm. thick 
from How troughs nearest the front poles, and ()• 10 nun. from How 
troughs at the equatorial edge of the secondary shape. Snell 
material was no doubt largely removed as a result of drag in two 
dimensional boundary layer flow of air in contact with the front 
surface, for such laminar How would become an increasingly 
important factor in the lower, denser layers of flic atmosphere, 
where the secondary shape of the nnstralite received its final 
sculpturing. 

Now Podwcll (see Fenner, 1088, p. 207) has ealnculntod from 
Opik’s mechanics of meteor phenomena, that friction in the earth's 
atmosphere would yield a thickness of onlv 0-001 cuts, of liquid 
film on a medium size nnstralite of 10 mm. radius, and that the 
temperature difference would be enormous between the surface 
and the bottom of the film, Moreover, the rate of beat transfer 
through nnstralite glass is so low that the internal and real- 
regions must remain relatively cold, this being aided in rear 
surface regions by the existence of the cone of dead-air. Hence 
the amount of anstralite glass in the fused state at any particular 
instant, must of necessity be small, and it is thus considered to be 
out of the question that the anstralite could become completely 
molt(*n throughout during the atmospheric phase of flight, and 
yet remain as an entity in itself. 

An important result of pressure on the frontal area of an 
anstralite* moving at ultra-supersonic or even at ordinal*}' super¬ 
sonic speeds, is tin* production of drag. This evidently becomes 
manifest in the thin laminae of contact air during boundary layer 
flow, where frictional effects are predominant. Tt is therefore 
to be exqled ed i hat t he 1 bin liquid film of ansi ralite glass produced 
al any given lime during high-spet d flight, would lx* forced away 
from the place where developed, very shortly after its formation, 
almost instantaneously in fact. t lm> exposing a new nnder-snrface 
of the glass to the healing proc< ss and so the process proceeded 
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<‘oul biliously while supersonic speeds wi'iv maiulniueel. I *a rl udcs 
ot li(piid glass reanove'd from the t’nmlal area <d‘ llx* nustralitc. 
wlieia* pressures nir greatest, wmilel heroine rapidly volatilized in 
the highly healed, highly eompressed eap of gas |\ing h< 1 1 1 iiid the 
troutal shock wave, and either swept away into the wake of the 
speeding anstralite. or else dissipated obliquely sideways in the 
region ol tin 1 lateral tlowridge shock waves. As this process eon- 
tbimal. ihe I rout pole 1 of the original primary sphere receded, 
the are ol curvature of the front surface became Hatter, and I lie 
edge ol the secondary form constantly moved hack and beyond 
the equatorial zone of llu* primary sphere. When such a stage 
was reached. Ihe primarx sphere had Urn reduced to an 
optimum size and shape 1 where conditions were suitable for the 
const rnct ion of a flange structure 1 , atiended by marked How ridge* 
elevedetpimmi and the geue'ral ion of other subsidiary shock waves. 
H ran he* assesse'el from comparison of the 1 primary sphere 1 
inelicale'el in se'ctional aspe'ef in text figure 1 !!(». with the 1 nltimale 1 
secomlarv form i1 1 < 1 ie-ate'el hv a se'etion thrmigh its froni and back 
poles in IMate 1 VI, figure* 28, that approxiiuatelv (>0 pen' cemt. to 
(>b per rent, of the 1 primarv sphere 1 has l>ee*n lost lev ablation in 
attaining the* final se'comlarv shape 1 Xot all of’ the 1 secondarilv 
fused anstralite 1 glass was hist hv ablation and fusion strinpin» T . 
for some became' mislied hack fr> bnihl up the fiance, as seam in 
section in Plate YT. figure 28. P"ring flange 1 growth Inrhuh'iwc 
in eonatorial regions nlavod an important part in shaping the* 
nosfprior siirfae 1 ' 1 of the* flamn*. Tfehlv enrrents <>ne*r:ifeol from 
ihe* eemateuaal eelge 1 of the 1 flange 1 inwards, at a time in the 1 phases 
of de'vt'loDinent whe'i the fnsiem stripping proe'e>ss that bad 
oix'rate'd to itrexlnce 1 flak e'el e'einat e »i*» :* 1 zone's op kinw forms fcf. 
le'X'l figure's oft and oil was no longe'r a major factor with which 
to he 1 revkoued on Ihe'se 1 re'dncexl. originallv smalle'r forms \e.ac 
file 1 linal stage's of si'conelarv shape 1 feuamifion. of wbicli the 1 flu" 
section shown in Plate VI*, figure 28 reveals the' structure of 
the e'liel nrodmd. tlie 1 vedexafv of the' anstralite 1 Innl conside'rahlv 
lessened, hemee 1 pre'ssnre 1 and femiperafore 1 had de'ereasexl. and flit 1 
final a eh of the now less pofemt aenxh namical force's, scemis fee have 
hex'u a minor amonui of se-miriuo- in How frough regions and in 
file' equatorial regions of tlx* anterior surface's ot the Hanges. for 
the anstralite ha<1 hv now mitered the lower and deiise'r lavers of 
the earth's at mosplimv where* drag elleids were 1 prononix'eel. The 
l»uffeding effeets that normallv arise from drag and from shock 
wave* formation, wen 1 ewielmifly negligible ilnriiig the formatiounl 
stage's of si'ceuielary shape's possessed b\ ansi raliles. 
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It is considered that the operation of the aerodynamical flow- 
phenomena, and their effects as outlined above, would be similar 
for other primary shapes of australites as for the primary sphere 
utilized in these conjectures. Minor variations may have occurred, 
although they are not evident from the study of the ultimate 
secondary shapes produced from different primary forms. 

It has already been indicated that the ares of curvature of 
shock waves ahead of one and the same anstralite, would vary and 
change according to the change in curvature of the anterior 
surface with ablation. Arcs of curvature of shock waves would 
also vary from form to form according to the* radius of curvature 
of different primary forms. Moreover, in the smaller number of 
australites that have the final arc of curvature of the anterior 
surface' steeper than that of the posterior surface, the shape of 
the frontal shock waves started off steeply curved and hemi¬ 
spherical, then became rather flatter, only to ultimately approach 
the more 1 steeply e-nrveel hemispherical shape again, so that 
pressure must have ose-illated cemsielerablv with the varying angle 
of the eh'fiee'ting antermr surface to the airstream, being greatest 
in the intermediate stage, least in the initial and ultimate stages. 

In oval-, boat-, canoe*-, and teardrop-shaped seeemelary forms 
of australites, the 1 froufal shock wave pattewn as viewed neirmal to 
the' polar axes of these forms, would generally parallel the emtline* 
of file* forwardly <lire*e*tcd surface's, in a similar manner to that 
elcpietcel (of. text figure* 87) for primary sphere's anel that for 
seeemelary forms (buttons) derived therefremi (e-f. I Mate VI, 
figure 28). In elumb-bell-shaped example's, however, it seems 
likely that two shock wave fronts may have' been produe*ed, one* 
ahe'ad of e'ach forwarellv diree-te*d bulbous ])ortion (e-f. text figure* 
14) . so that cennplexities might be oxpe*ctod in the* waist regions 
ahead of which shock wave* intend'orene-e is surmized. 

An important question to be* conside*re'el in treating of fhe* 
origin of the seeemelary shape's as de've'loped during nltra- 
snpe'rsonic flight, cone*<*ruK the* likely temperature values generate'el 
in the* cap of highly compressed gas ahe'ad of an anstralite travell¬ 
ing earthwards at high spewels. II' australite's travelled at 21,<>00 
miles pe*r hour as a probable minimum value 1 , or as mnedt as 
180.000 miles per hour as a calculated maximum value, at heights 
of some (it) to 70 mile's above' the* earth's surface, temperatures 
should he enormous in 1 he* highly ee>mpre'sse*<l cap of gas. On 
the* basis that guided missile's release'd at the* e'arth's surface*, 
tra\'clling at 3.220 kihmie'fre*s per hour (i.e. = 2,000 m.]>.h.) 
develop a temperature rise of 1C. for every 100 Km. hr., their 
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increased temperature (approximately 200 ('.) would lx* small 
compared to t hat computed for ansi rallies (2,200 C. to 1S,000 <’.) 
by extrapolation. However, temperature values derived in this 
way, by extrapolation, may have little validity, for the reasons 
that (a,) the known temperature rise indicated above may not lx* 
maintained, (/>) anstraliles are not passing through the denser 
portions of tin* atmosplu're in the earli('r stages of atmospheric 
flight, but in the linal slap's, and (r) at tla* critical slap's of 
secondary shape formation, speeds may be lower than at a height 
of (it) to 70 miles above the earth's surface, because of increased 
drag effects, lienee temperature values in the highly compressed 
cap of gas could be considerably less than the upper limits given 
above, but are not likely to lx* below the lower limits. The tem¬ 
poral u re necessary to cause solid australite glass to pass into the. 
liquid, state, lias been determined as 1,221 P. by (Irani (100!), 
p. 447). Therefore the molten lilm of glass measuring 0.001 cins. 
produced on the anterior surface of an australito during super¬ 
sonic flight, must be at least 1,02 l (’., but since the temperature 
of melting increases with pressure-, the effect of intense compres¬ 
sion generated by the formation of frontal shock waves would be 
to considerably raise t lie tempera! lire of fusion at nil ra-snpersonie 
speeds, so that temperatures at (he anterior surface may well have 
been in the region of 2,000 (\ or more. To volatilize ibis glass 
during the operation of the ablation process at front surfaces, 
however, considerably higher temperatures are necessary, so that 
temperatures equal to tin* temperature of volatilization of Hie 
silicate glass forming australites, must have been attained in the 
cap of hot, compressed gas behind the I rental shock wave. 
Because of 1 lie opportunity available for react ion bet ween pari ides 
of volatilized australite glass and oxygen in Ibis region, certain 
chemical efleets would come into play. Most of the available 
oxygen would, evidently be consumed during volatilization, so 
it, is not 1o be expected that outer oxidized films of glass would 
be extensively or continuously produced on the front surface of 
the ansi ralitc itself. Such oxidized lilt us are never found on tin* 
outer surfaces of australites on discovery, although they can be 
produced by heal treatment under certain conditions in the 
laboratory. Tims, a flange fragment and a body fragment from 
different aust ralites in tIn* Port (ampbell SI rewiilield, also a small 
button-shaped form with flange remnants (reg. no. KStb) from 
the Nirrauda St rewiilield, all developed reddish-brown skins after 
heating them to 1,200°( 1 . for two hours under atmospheric pres¬ 
sures in an oxidizing atmosphere, in an electrically heated lube 
furnace. The oxidized film of glass so produced, was exceedingly 
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thin, measuring- inulei* 1 micron, and microscopic examination 
revealed that no particular strain phenomena had become evident 
in the "'lass immediately below the lilm. At this temperature, 
softening <>f the glass had just: become initiated in one place, 
indicated hv sticking at a point of contact between the australite 
glass and the containing silica boat. The reddish-brown, thin 
oxidized lilm had a marked satin-like lustre, and its colour is due 
to the complete conversion of ferrous to ferric iron in the enter 
skin of australite glass. 

If any such oxidized films tended to develop on the highly 
heated front surfaces of a list rabies during ultra-supersonic lliglit 
downwards through the earth's atmosphere, they were evidently 
rapidly removed by the effects of drag in the laminar boundary 
layer How along the anterior surface. Now since the liange glass 
of oustralites represents material moved from front polar regions 
to equatorial regions, at certain phases of development- of the 
secondary shapes of ansi ralites, then Manges are the places to 
seek evidence for the possibility of front lilm oxidation having- 
occurred. Thin sections of some three dozen Hanged australites, 
reveal that the Mange glass in the majority is always the same 
colour as the body glass, and moreover, in the body glass itself, 
there is no colour difference between posterior surface regions, 
anterior surface regions or central regions. In two examples of 
Manges, however, (of. I laker, 1944, p. 12 and Plate II, figures 1 
and 9) a limited amount of banding of deep brownish colour is 
present. Dunn (3912, p. (i) also noted occasional colour differences 
in t be Manges of a list ralite sect ions lie described. Those bands can 
only indicate that some oxidation of the front film had occurred, 
and that only in a f< w examples was ibis oxidized glass incor¬ 
porated with the non oxidized glass which forms the bulk of the 
i hmges. 


Since it appears logical to assume that australites travelled 
through the earth's almosphcrc at greater Ilian ordinary super¬ 
sonic velocities, all the processes outlined above in forming 
secondary Ironi primary shapes, must have occurred in a verv 
short period of time. Tims, if their fall was vertical Ihrongh tin* 
atmosphere, the primary forms of australites suffered frontal 
melting, fusion stripping and ablation, and Mange-building pro¬ 
cesses, and were developed into the secondary shapes as we find 
them upon the carl IPs surface, all in a mailer of 10 to lb seconds, 
if travelling at the upper speed limils of 10 to b() miles per second, 
or a mailer of U minutes at the most at the lower speeds of (i 
miles per second, (not allowing lor the slowing down effects of 
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transit from more tenuous upper atmosphere to more; douse lower 
atmospheric layers). 1 f their path of fall was oblique, the lime 
taken would he approximately up to three times as long, accord¬ 
ing to t he angle of ent ry into the at mosphore. During 1 1km r high 
speed High!, high compression in the air ahead of anstrallies pro¬ 
duced high teniperatiius which operated for a very short period 
of time, and so opportunities were rather limited for oxidation 
to occur in thin films of fused glass, hence only meagre evidence 
exists to indicate that a small measure of oxidation did arise in 
these thin films. 


<'OX< 'liTSIONS 

The evidence revealed by a detailed study of the Xirranda 
Strewnlield auslralites, together with the accumulated results of 
observations carried out on approximately 2,000 auslralites from 
the soulh-weslern Victorian region, indicates 1 hat auslralites need 
not have rotated during their short periods of rapid translation 
through the earth's atmosphere. 

Apart from tin* spheres, which are essentially lion-rotational 
bodies, the other primary forms from which some secondary shapes 
of auslralites arose were certainly produced by rotation, since 
the evidence indicates init ial generation of typical forms of revolu¬ 
tion from rotating molten bodies ot glass, the birthplace ot the 
primary forms was undoubtedly extra-terrestrial. 

On entering the earth's almosphere. and at that stage posses¬ 
sing the low 1 emperalure equivalent to lliat <d outer space, the 
onset of conflict of the primary glass bodies with the earth's 
atmosphere, through which they travelled the greater portion at 
ultra-supersonic speeds, generated pressure and frictional heat, in 
the front regions of each object. This was insufficient to produce 
complete melting throughout, hut was adequate to result in sheet 
fusion and thus progressive frontal melting of thin films of glass, 
if any of lliese glassy bodies (Mitered the earth's atmosphere 
initially rotating, which is very doubtful, then they evidently lost 
their spinning mol ion very quickly, and continued along their 
line of flight at ultra-supersonic speeds, until slowed down near 
the earth’s surface, by which time some had become completely 
evaporated, and the remainder became very much modified in 
shape. (Ilass melted from their anlerior surfaces was thus not 
whirled away by relational forces, but was forced back under 
pressure and the influence o| lrictional drag from tin* trout polar 
regions towards the equatorial regions of each non-rotating body. 
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Much glass was completely lost in this way from tlie greater 
number of the separate primary bodies, assisted by the agencies 
of rapid fusion stripping' and ablation, until the shapes of 
anstralites, as they are now known, were developed. 

The final secondary shapes of anstralites show several marked 
stages in the progressive operation of these processes. Larger 
forms show flaked equatorial zones, but no flanges and no flow 
ridges. .Medium sized forms have developed flanges at certain 
specific sizes and shapes, and with them, concentric, anticlockwise 
spiral or clockwise spiral flow ridges on anterior surfaces only. 
Smaller forms mostly lost their flange, largely during flight, but 
some as a consequence of subsequent sub-aerial erosion. 

Microscopic complete forms of anstralites have never been 
found, all hough searched for among the materials upon which 
anstralites of macroscopic size have been discovered. It is not 
likely that microscopic anstralites will ever he discovered, because 
complete dissipation by ablation seems to have occurred, both 
of all the glass melted from front surfaces during the generation 
of the secondary shapes (allowing for that retained in equatorial 
regions as flanges), while all forms below a specifically limited 
lower size value have also been completely ablated. It is to be 
expected that after any particular primary form had been ablated 
down beyond a certain minimum size, it completely evaporated, 
for the reason that ablation depends essentially upon the size of 
th(> surface, and that with diminishing volume, the relative size 
of the surface increases. In a similar, but not quite identical way, 
raindrops that reach the earth, have a certain minimum size. The 
smallest known complete australite is one from Port Campbell, 
Victoria (see Baker. 194(>, Plate VI, figure 1), which weighs 
0.0(1.") grams and measures 9 x (> x 1 mm. It is doubtful if complete 
anstralites less than 0.0b grams in weigh! are ever likely to be 
found. 

The majority of known anstralites have been further modified 
by erosion while they lay upon t lie earth's surface, some to greater 
degrees than others, and many have been fractured by various 
causes. Some specimens have been so much more affected by 
erosion than others, that sometimes they scarcely appear at first 
to belong to the australite fraternity. These later modifications 
to the secondary shapes of anstralites must always he carefully 
considered, particularly whore the smaller cores (body portions) 
are concerned, before a final decision can he made regarding their 
original primary form and their subsequent secondary shapes. 
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As found upon the surface of (lie carlli, anstralites have 
evidently passed through the following principal stages: 

(A) Initiation, some as spheres, souk* as primary forms 
of revolnl ion, in an exl ra-lerrest rial environment. 

(15) Secondary modification of the primary forms by 
virtue of their short periods of (light at ultra- 
supersonic velocities through tin 1 earth’s atmos¬ 
pheric emadope. 

(C) Terliarv lnodiiical ion of 1 Ik* secondary shapes by 
the r(*latively prolonged action <d' terrestrial 
agencies after landing upon the earth. 

As extra-terrestrial bodies that have passed through 1 he whole 
thickness of the earth’s atmosphere, Ihe symmetrical Australian 
tektites must have experienced velocily r(‘ductions <d‘ a very 
marked degree, in a sequence from initially ultra-supersonic, 
through supersonic and transonic, to ultimately subsonic, in a 
very short, period of time, before coining to rest upon tin* surface 
of the earth. Their secondary shapes were impressed upon them 
in the early to intermediate stages, at speeds greater than 
t ransouic speeds. 
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DESCRIPTION OP PDATES 

Plate I— (x3). 

Figure 1—Anterior surface of complete button-shaped australite (E1016) ' 5 show¬ 
ing counter-clockwise flow ridge and tendency to radial arrange¬ 
ment of flow lines outwards from the front pole. Coll. E. D. Gill. 


* Numbers so given are registered numbers in Ihe Rock Collection of the National 
Museum of Victoria. 
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Figure 2—Posterior surface of complete button-shaped australite (E1016) show¬ 
ing bubble-pitted surface of core and finely etched surface of flange. 

Figure 3—Posterior surface of fiat, lens-shaped australite (E736), the second 
smallest complete form in the Nirranda Strewnfield australite 
collection. Coll. G. Baker. 

Figure 4- Posterior surface of naturally detached, almost complete flange 
(E835) from a button-shaped australite. Coll. G. Baker. 

Figure 5- Posterior surface of a smaller, naturally detached complete flange 
(E962) from a button-shaped australite. Coll. G. Baker. 

Figure 6—Posterior surface of incomplete button-shaped australite (E928) that 
has lost approximately one third of the flange. Coll. M. K. Baker. 

Figure 7 Posterior surface of lens-shaped australite (E876) showing narrow 
superficial groove extending from equatorial to polar regions. Coll. 
A. E. Gill. 

Figure C—Anterior surface of incomplete button-shaped australite (E847) with 
flange remnants and concentric flow ridges, and showing deep 
groove extending approximately three parts across the form. Coll, 
E. D. Gill. 


Plate II. —(x3). 

Figure 9- Anterior surface of hollow button-shaped australite (E1052) showing 
crudely radial arrangement of deep grooves. A hole at the front 
pole where several of the grooves unite, leads to an internal cavity. 
Note concentric flow ridge. Coll. R. T. M. Pescott. 

Figure 10 Posterior surface of hollow button-shaped australite (E1052) show¬ 
ing two remnants of flange and bubble-pitted, irregularly flow-lined 
surface of core. 

Figure 11 Broken posterior surface of hollow button-shaped australite (E816) 
indicating size of internal cavity and showing small remnants of 
a narrow flange. Breakage was natural, by impact or by weather¬ 
ing. Coll. G. Baker. 


Plate ///.—(x3). 

Figure 12—Posterior surface of oval-shaped australite core (E961) showing 
bubble pits. Coll. G. Baker. 

Figure 13—Side aspect of oval-shaped australite core (E9G1) showing flaked 
equatorial zone between posterior surface (uppermost) and anterior 
surface (lowermost). 

Figure 14 Side aspect of conical core (E1109) showing strongly flaked 
equatorial zone. (This form is round in plan aspect). Coll. E. D. Gill. 

Figure 15- Posterior surface of australite core (E8G0) showing bubble crater 
situated in smoother flow-lined swirl having crudely counter¬ 
clockwise spiral flow lines, and surrounded bv finelv bubble-pitted 
glass. Coll. A. M. Gill. 

Figure 16—Side aspect of oval-shaped australite core (E922) showing well- 
developed flaked equatorial zone with small grooves and pits. Pres. 
Mrs. A. Mathieson. Snr. 
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Plate IV.—(x 3). 

Figure 17 Posterior surface of canoe-shaped auslralito (E809) showing bubble 
pits. Drawn-ou( bubble pits and flow lines occur at the narrowed 
ends. Coll. M. K. Baker. 

Figure 18 -Side aspect of canoe-shaped australite (P1S09) showing recurved ends. 

Figure 19 Anterior surface of canoe-shaped australite ( KS09) showing smoother 
surface and concentric How ridges. 

Figure 20—Posterior surface of dumb-bell-shaped australite (E761) showing 
small bubble pits and line (low linos parallel with long axis of 
slender form. Coll. A. E. Gill. 

Figure 21 Oblique view of one side of posterior surface of boat-shaped australite 
(E785) showing deep grooves (“ saw-cuts The grooves continue 
around the anterior surface to the opposite edge 1 of the posterior 
surface. Coll. A. E. Gill. 

Figure 22- Posterior surface of teardrop-shaped australite (E744) showing 
minute pits and How lines. The How lines at the bulbous end 
(bottom of photograph) are counter-clockwise spiral, and extend 
along the length of the form to the narrow, flange-like end (top of 
photograph). Coll. A. E. Gill 

Figure 23- Posterior surface of oval-shaped australite 1 (E759) showing nubble 
pits and flow pattern. Coll. A. E. Gilt. 

Figure 24- Side aspect of artificially etched oval-shaped australite 1 (EilO) 
showing How lines and vitreous lustre where etched, and duff 
portion in polar regions of posterior surface (top of photograph) 
where non-etehed. Note partially developed flange 1 . Coll, E. 1>. Gil). 

Figure 25—Anterior surface of artificially etched oval-shaped australite (E710) 
showing vitreous* lustre and minutely etch-pit toil pattern. 


Plate V. (x7). 

Figure 26—Thin section of lens-shaped australite (E749) showing internal flow- 
line pattern. Coll. A. E. Gill. (Section taken through front and 
back poles; posterior surlace uppermost.) 

Figure 27 Thin section of lens-shaped australite (E932) taken at right angles 
to that shown in ligure 26, showing internal flow-line pattern. 
Coll. M. K. Baker. (Section taken through equatorial plane.) 

(These two thin sections are radial ami equatorial sections 
respectively, of two lens-shaped australites of the same specific 
gravity and similar depth.) (Note swirls and complex “ fold-like M 
How pattern.) 

Plate VI. (x5). 

Figure 28- Thin slice of button-shaped australite with flange, from Port Camp¬ 
bell, Victoria, showing relationship of front (anterior) surface to 
surmized aerodynamical flow phenomena created during ultra- 
supersonic (light, and relationship of hack (posterior) surface 1 to 
t ur bulcn ce phon ome n a. 
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